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ASTRONOMY HAS THEREFORE 
ALWAYS BEEN AN 

OBSERVATIONAL SCIENCE. 
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But, while science was built 
on observation, it has since 
come to include much more. 



After all, observation alone 
can sometimes trick us. 




REMEMBER THAT, TO EARLY 
HUMANS, IT WAS QUITE OBVIOUS, 
THROUGH OBSERVATION, THAT THE 
EARTH WAS ELAT. 






But today’s scientific methods 
have “proven” otherwise. 




Nevertheless, astronomy proceeded on the level of 
pure observation for thousands upon thousands 
of years before people finally crooeed the thresh- 
old from prehistory into history. 



Anthropologists and archaeologists have 
made highly educated conclusions about 
what \Nev\t on before 
the invention of writing. 

However, when the 
Sumerian civilization 
of Mesopotamia 
invented writing 
sometime around ( £c ^ 

3500 5C, they invent- 
ed history as well. And 
when they began to 
record the events and 
facts they considered impor- 
tant, they included their observations of astrono 
my, which, by that time, were __ 

already quite sophisticated. 

1 r AREN'T YOU GOING TO WRITE 

DOWN HOW FAR I CARRIED YOUR 

SORRY #(§>/ YESTERDAY!!!? 
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' profoundly important as their achievements we 
the Mesopotamians’ only explanations for their 
astronomical observations were in the realm of 

astrology. 
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That is, rather*than suggesting rartHi 
ural explanations fo* the observa- 

r Hi' 

®ons, they insteaB believed there 
were eupernatural explanations 
^lii *for how the patterns of 

the heavens explained J 
and pred|$^ human 
events on 




The Mesopotamians led the world in astronomy and 
astrology for thousands of years. However, when 
the ancient Greeks became intrigued - sometime 
around 5 00 3C - they added an essential new ele- 
ment to observation: 



The Greeks constructed 
conclusions, explanations 4 

and predictions based on 
natural phenomena and 
about natural phenomena. 
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Arguments and debates raged on and on. 










The Greek tradition of debating 
theories led the world in just 
about ail areas of thought, 
including astronomy, in time, 
their intellectual traditions 
were passed on to Rome. 
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Chat didn't begin to 
change until about 
the h™ century. 





Fortunately, the traditions and the spirit of the 

classical world began to return in the H 1 ^ 1 century with the 
Renaissance (from the French word meaning ‘rebirth’). At this 
time, science finally reemerged, and continued its bold march for- 
ward. Moreover, the thinkers of the later Renaissance empha- 
sized yet another important element beyond observation and 
theory: - , 

experimentation. 

From this time forward, people used systematic 

means to test their theories. 




THUS THE 

SCIENTIFIC METHOD 

WAS BORN. 




Put very simply: The patterns and phenomena 

of nature are observed. Theories 
are then made to account for these 
observations. 

Next , these theories are tested. 

/fa theory fails a test it is disproved and 
discarded. 

If a theory passes a test, then it must pass 
another. 

If it continues to pass more and more tests, 
the scientists consider it increasingly 
likely that the theory is true. 

if a theory passes all the tests and 



is also backed up by more and more 
observation then, at some point, we 
can comfortably say that the theory Is 

confirmed. 
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The material in Astronomy for 
Beginners represents our present-day 
knowledge of the universe, as revealed by 
the sciences of astronomy, physics, 
mathematics, chemistry, biology, geolo- 
gy and others. So far, the explanations 
presented here have passed all the 
tests. A new discovery, a new insight, a 
new experiment could, of course, always 
come along and compel us to modify our 
theories. But at this point in time, most 
experts in the field are quite confident 
in our current level of understanding - 
and also quite confident that there is 
always much more to learn. 



A B 
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Disregarding the arrows in the figures above, which hori 
zontal line is longer? Our initial observation might lead 
us to think that Line A is longer than Line B. But a sim 
pie experiment to test this theory - by measuring the 
lines with a ruler - reveals that both lines are equally 
long. Observation, theory, and experimentation: 

science in its purest form! 




So the scientific method is the 
primary intellectual tool of 
modern science. But 
what about the more 
specific, technological 
tools of modern astronomy? 



THIS IS A BOOK ABOUT 

ASTRONOMY, RIGHT? 





Well, from prehistory until the 
start of the 17^’ century, the 
primary tools used by most 
astronomers were their eyes and 
their brains. 

However, in 1609 the first tele- 



scope was invented. The telescope magnified the light from dis- 
tant stars and planets, so astronomers could observe the 
heavens more closely. We’ve since learned that the light from 
distant objects in space can tell us quite a lot about those 
objects. 





when ordinary sun- 



asses 



through a prism - a / 
glass object with a / 
triangular shape - it emerges in / 
the colors of the rainb ow. This had 
been observed for some time, but 
it was the English physicist Sir \ 
Isaac Newton (1642 - 1727) who 
first came to understand why. \ 




Rays of white light are actually made up of 
separate, colored rays of light, which our eyes 
normally see together as white. The prism 
bends, or refracts, the light and physically 
separates it into its component colors: red, orange, yellow, green, 
blue, indigo, and violet. PRiSM 
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Red light is bent the least, and violet 
light is bent the most. Moreover, a rain- 
bow itself is also the refraction of white 




light, bent by raindrops or water vapor 
into its component colors. 




How was Newton able to figure this all out? 



Experimentation 



which, in this case, is just 
a fancy word for playing 
around with prisms! Newtor 
found that if he isolated 
any single ray of colored 
light and passed it through 
another prism, its color 
wouldn’t change. That is, it 
could not be refracted, or 
reduced, any further. 
Newton also found that, if 
he were to send all of the 



refracted rays of colored 
light together into another 
prism, they would then 
recombine and reemerge as 
white light. The more 



Newton experimented, the 
more his theories were con- 
firmed. What our eyes per- 
ceive as regular white light 
is actually a collection of a 
of the primary colors, 



Once again, 

appearances can be deceptive. 
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Stars like the Sun are 
massive objects. They 
have so much mass 
compressed so tightly 
together that they 
generate staggeringly 
high temperatures, 
which in turn generate 
constant nuclear 
reactions. These 
nuclear reactions 
release immense 

amounts of energy in the form of photons - subatomic particles of 
light. These particles travel in waves, and these waves come in differ- 
ent sizes, or different wavelengths. White light, as weve seen, can be 
separated into a spectrum of colors, and each color has a different 
wavelength. Red light has the longest wavelength, and violet light has 
the shortest. 
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VISIBLE LIGHT WAVELENGTHS ARE 
MEASURED IN THE DISTANCE FROM THE TOP OF 
ONE WAVE TO THE TOP OF THE NEXT WAVE, 
"NM" STANDS FOR NANOMETER, WHICH IS ONE 
BILLIONTH OF A METER. 
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THE ELECTROMAGNETIC SPECTRUM 



But here’s 
where things 
get even more 
interesting. The 
visible light 
that we can 
see with our 



eyes is only one tiny fraction of all of the light - all of the energy - 
emitted by the Sun. There are wavelengths of light that are short- 
er than visible light: we call them gamma rays, X-rays and ultravio- 
let light. There are also wavelengths of light that are longer than 
visible light: those are called infrared, microwaves and radio waves. 
All of these different wavelengths of light together make up what 
is known as the electromagnetic spectrum. And because these 
different wavelengths have different properties, detecting them 
can give us different kinds of information about any astronomical 
object that emits or absorbs them. 
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these tools, 
in addition to our 
endeavors in space 
exploration, give us 
volumes of information 
^ about the 
W universe we live in. 
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SO WHAT EXACTLY HAVE WE LEARNED 
ABOUT OUR UNIVERSE AFTER ALL THIS? 



SO GLAD YOU ASKED! LET'S BEGIN. 



• • 
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In the beginning... 
all things \nere one. 



We refer to the original ■ - 

state of our universe as J 

the initial singularity, I 

. ~ J V TD 

wherein everything we — — 

know to exist - matter, energy, 
time, and space - existed as 
one single reality, unimaginably 
small and infinitely dense. This all 
encompassing reality was smaller 
than an atom, and nothing else 
existed outside of it. 



T^At See MS 
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If this notion seems impossible to comprehend - that's because 
it is! No one really understands and, in fact, when we trace the 
history of the universe back to this original state of affairs, the 
laws of science, as we know then’, 






Gravity is one of the fundamental forces by which matter is 
attracted to matter. On one hand, if the rate of expansion of the 
early universe had been much faster than it was, it would have 
been too fast for gravity to have been able to draw matter 
together. Neither galaxies, nor stars, nor planets, nor people 
could have ever existed, as all of the material unleashed by the 
Big Bang would have just scattered apart endlessly into infinity. 



On the other hand, as Stephen Hawking states in A Brief 
History of Time. . . — — — - 



^ IF THE RATE OF 

EXPANSION ONE SECOND AFTER THE BIG BANG 
HAD BEEN SMALLER BY ONE PART IN A HUNDRED 
THOUSAND MILLION MILLION, THE UNIVERSE 
WOULD HAVE RE-COUAPSED BEFORE IT EVER 
REACHED ITS PRESENT SIZE . " 



I FEEL LIKE MY BRAIN IS SMALLER BY ONE 
PART IN A HUNVREV THOUSAND MILLION 
MILLION THAN STEPHEN HAWKING'S. " 





Fortunately for us, the rate of expansion after the 
Big Bang was apparently perfectly balanced with the 
amount of matter in the universe. If it hadn’t been perfectly 
balanced, we wouldn’t have the enormous and beautiful com- 
plexity that we see when we look up into the night sky - or, for 
that matter, when we look all around our wor\d. 



We still don’t know for certain whether this is an .. . 
open universe that will continue to expand forever 
into infinity, or if it is a .. . 

closed universe that will one day re-collapse upon itself in a 
dig crunch, to return to a state of singularity. But by 
most indications, we have several billion years before 
we even have to begin to worry about that. 
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" BUT THE BIG BANG IS 

JUST H THEORY, 




Yes and no! 



The E3ig E3ang /s a theory - but it’s a theory supported by 
overwhelming evidence. The expansion of the universe, how- 
ever, is not a theory, but something that can be observed. 
First and foremost, if the universe is expanding as we go 
forward in time then, if we trace the history of the universe 
backwards in time, we can visualize it all stemming from a 



common peginning. 

Early in the 20 ^ century, astronomers and physicists 
first exploring the idea of the Big Bang reasoned that, with 
so much matter and energy packed together, the early uni- 
verse had to have been so hot, and so dense, that nuclear 
reactions would have occurred everywhere at once. Nuclear 
reactions release radiation in the form of radioactive par- 
ticles so, if all of this is true, then we should still be able 
to detect the residual heat radiation of the Big Bang 
throughout the universe. By now, billions of years later, 
they estimated this radiation should have cooled 
immensely, to be just a few degrees above 
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ABSOLUTE ZERO IS 
THEORETICALLY THE LOWEST 
TEMPERATURE POSSIBLE. 








EARLY IN THE 20 CENTURY, 
ASTRONOMERS WP NOT YET HAVE 
THE TECHNOLOGY TO DETECT SUCH 
RADIATION, SO, TOR A TIME, THE 
THEORY OF THE BIG BANG SEEMED 
LIKE A GOOD ONE, BUT IT HAD 
YET TO BE CONFIRMED. A 



Decades later, in 19635, 
e>ctremeiy sensitive radio 
telescope* were invented 
that were able to detect 
high frequency radio weaves 
coming from beyond the 
solar system. These radio 
waves were isotropic - that 
is r they seemed to occur 
from every direction, in the 
same degree, all at once. 
Furthermore, the tempera- 
ture of this radiation was 
about 2,7 degrees above 
absolute zero ■ incredibly 
close to the original theo- 
retical estimates, This radi- 
ation is now known as the 
cosmic microwave back- 
ground radiation, and is 
widely considered to be 
confirmation of the (5ig 
Bang event. 





In the moments immediately after the Big Bang, 
the universe would have still been so tightly 
packed together that everything would have 
essentially existed as a single fireball of 
energy. But as the universe rapidly JR j 

expanded, it would also cool, which would C.VJ 
allow for different physical processes to /A 
emerge. / 

/^AS AN ANALOGY, THINK ABOUT HOW \ 

( LIQUID WATER, WHEN COOLED AND J 
FROZEN , TURNS INTO SOLID ICl.^' 
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The first forms to emerge within the first s econd after the Big 
Bang were quarks - the basic building blocks of elementary parti- 
^ cles, Different combinations 

^ of these variously charged 

^ entities soon combined to 

j y^|^uct^^S^ orm ^ G 5U b#tomic parts 
^ _/ cles of protons and neu- 

I trons. During the next three 

/ \ minutes, as the early uni- 

I i 1 l verse continued to cool, 

\ J I these protons and neutrons 

V ^ J then bonded together to 

X. y form atomic nuclei. 



Although this occurred within just the first three minutes of 
time, it took hundreds of thousands of years before the universe 
had expanded and cooled enough for the subatomic particles of 
electrons to surround these atomic nuclei. And when the first 
a electrons bound themselves into orbit around the first 
atomic nuclei, they were finally able to form the first 
atoms - the fundamental particles of matter. 





IF WE CREATION OF MATTER OUT OF PURE 
ENERGY SEEMS DIFFICULT TO UNDERSTAND, 
LET ME TRY TO EXPLAIN. 
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IN MY SPECIAL THEORY OF RELATIVITY, 

I CAME UP WITH A LITTLE EQUATION WAT 
YOU MAY HAVE HEARD OF: E = MC2 . 
TECHNICALLY, THIS MEANS THAT ENERGY (E) 
IS EQUAL TO MASS (M), TIMES THE SPEED 
OF LIGHT (0, MULTIPLIED BY ITSELF 
(SQUARED). BUT THIS IS REALLY JUST A 
FANCY WAY OF SAYING THAT MATTER AND 
ENERGY ARE TWO SIDES OF THE SAME COIN . 





FOR EXAMPLE, IN THE NUCLEAR EXPLOSIONS 
THAT TAKE PLACE INSIDE STARS, TINY 
ATOMS ARE HEATED AT SUCH EXTREME TEM- 
PERATURES THAT THEY ARE FUSED TOGETHER 
TO FORM NEW ATOMS. BUT IN THE PROCESS, 
SMALL PARTS OF THE ORIGINAL ATOMS ARE 
BURNED OFF AND RELEASED AS TREMENDOUS 
AMOUNTS OF ENERGY, WHICH WE CAN SEE 
IN THE FORM OF LIGHT 



/ 



f ON THE OTHER HAND, WHEN THE PURE 
ENERGY OF THE EARLY UNIVERSE EXPANDED 
AND COOLED, IT WAS TRANSFORMED INTO 
MAHER. SO, IN A NUTSHELL, WE CAN SAY 
THAT ENERGY IS EXTREMELY HOT MAHER, 
AND MAHER IS FROZEN ENERGY WHICH IS 
\ PRETTY COOL! 





[afferent combinations or 
protons, neutrons and 
electrons form different 
kinds of atoms, or ele- 
ments. Roughly one billion 
years after the Rig Rang, 
the simplest and most 
abundant elements - 
hydrogen and helium - began to condense, forming gasec 
molecular clouds, or nebulae (Latin for clouds’). Eventua 
through the force of gravity, the hydrogen and helium at 
within these molecular clouds collapsed upon themselves 
forming the first stars. 
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When a large, dying star 
finally explodes in what is 
called a 

SUPERNOVA. 

these heavier elements are 
scattered into the universe 
where they can then go on 
to build worlds like our own 
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Physicists have been able to identify four fundamental forces in 
the universe that emerged from the Pig Pang, and which act on 
various forms of matter. 

¥ The strongest of these forces is the 

strong nuclear force, which binds quarks 
together to create protons and neutrons 
and also binds protons and neutrons 
together to create atomic nuclei. 

i ne next strongest force is the / \ 

electromagnetic force, which is responsible _ 

for binding electrons around atomic nuclei n 1 

to create atoms. V Jjj Vid 



Less strong is the weak interaction, which 
is in charge of the natural disintegration of 
atomic nuclei, releasing radioactive energy 
in the form of subatomic particles. 



Surprisingly, the weakest force in the universe 
is the force of gravitation, which attracts 
larger bodies of matter together, from collec- 
tions of atoms to collections of galaxies. 







While the other three forces are stronger than gravity, they can 
act only over very small distances. E3y contrast, gravity may be 
the weakest force, but its range is unlimited. For example, it may 
not be strong enough to assemble the constituent parts of a 
tiny atom, but it can help to keep the planets in orbit around the 
Sun, over the spaces of hundreds of millions of miles. 

( MORE ON TMS TO COME ! ") 






Stilus the Daw 

Of course, there is still much, much more about 
the nature of our universe that we still don’t 
understand. For example, observations of many 
nearby galaxies, as well as our own, indicate that 
all of the visible matter known to exist may not be 
anywhere near the amount of matter necessary to 
explain how all of these vast systems are held 
together by gravity. This has led astronomers to 
believe that a mysterious, undetected source of 
matter - referred to as 

DRW HRTTER 

may account for as much as 90% of all of the 
matter in our universe. 

More recently, observations of the expansion of our 
universe have also revealed another completely 
unexpected result: Whereas we would expect the 
gravitational effects of all of this matter in the 
universe to eventually s low down its rate of expan- 
sion, it instead seems as if the universe is current- 
ly expanding faster and fasterl Once again, the 
precise nature of this accelerating force, now 
known as 

DRW ENERGY 

remains a mystery. Nevertheless, it is currently 
believed to account for as much as two thirds of 
all of the energy in our universe! 
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Galaxies con- 
tain between 



and one tril- 
lion stare, 
and the uni- 



You ARe ttexe 
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verse is 
believed to 
contain as 
many as 100 
billion galax- 
ies. On an 

outer arm of a spira 
galaxy we call the 
Milky Way, we find our 
solar system, which 
began its life in the 
form of a molecular 
cloud. 
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Around 5 billion years ago, the center of this primor 
dial nebula began to collapse to form our star, the 
Sun. About five percent of the original nebulous 
material remained, however, continuing to revolve 
around this proto-star and eventually condensing 
into planets. 




The French astronomer and 
mathematician Pierre Simon, 



Marquis de Laplace (1749 - 
1S27) and the German 
philosopher Immanuel Kant 

(1724 - 1S04) both deserve 
credit for independently coming 
up with the theory of the origin and 
formation of the solar system, which, in 
its general terms, is most widely accepted 
today. 



The Kant-Laplace nebular hypothesis stated 
that - rather than being created as is - our 
solar system evolved from this earlier primor- 
dial state, a rotating nebula of gas and dust. 
They reasoned that the center of the 
solar nebula must have collapsed 
upon itself through the force of 
gravity to become our Sun, 
while the planets and their 
moons condensed from a 
surrounding disk, which orig- 
inally looked something like 
the rings of Saturn. 

Furthermore, it was because 
this primordial solar nebula 
originally rotated as one piece 
that the planets that emerged 
from it came to revolve around the Sun in the 
same direction in which the Sun rotates. 





The Sun at the center of our solar 
system is an average star. 



The Temperatures at its center 
reach up to around 
29,000,000 
decrees 
Fahrenheit 
(16,000,000 
degrees Celsius), 
with nuclear 
reactions 
constantly 
fusing its 
hydrogen 
atoms 
into heli- 
um, and 
processing 
energy at a 
rate equiva- 
lent to about 
100 billion nuclear 
bombs per s econdl 

It takes millions of years for 
this energy to 
escape the 




Sun’s core but, soon after it 
does, it fuels the entire 
solar system at 
the speed of light. 

The Sun contains 
about 99% of all of 
the mass in our 
solar system, 
with a volume 
jp about 

1,250,000 
times the 
size of the 
Earth’s. As 
the Earth and 
the other plan- 
ets orbit the 
Sun, the Sun 
orbits the center of 
our galaxy at a speed of 
over 500,000 miles per hour 
(300,000 km/hr). 



density 

and 

pressure 
of the 
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IT TAKES OUR PLANET ONE YEAR 
TO REVOLVE AROUND THE SUN, 
BUT IT TAKES THE SUN OVER 250 
MILLION YEARS TO REVOLVE 
AROUND THE CENTER OF 
THE GALAXY. 
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is the first planet from the 5un, 
whose rocky, moon I ike surface 
reflects a bright white light on Earth, 
often making it brighter than most of 
the stars in our sky. Mercury’s diame- 
ter is a little less than one-third the 
size of the Earth’s, and is the smallest 
planet in our solar system. 




A year on Mercury goes by pretty fast. It only takes about 66 
days for Mercury to circle the Sun, whereas it takes the Earth 
about 365 days. At the same time, a day on Mercury is pretty 
slow. Mercury rotates only once about every 56 days, whereas 
the Earth rotates once every 24 hours. 



Because Mercury’s rotation rate is so slow, and because it’s so 
close to the Sun, at about 36 million miles (56 million km) away, 
it experiences huge changes in temperature. Mercury’s daytime 
side, facing the Sun, reaches temperatures of up to 610 degrees 
F (430 C), while its nighttime side, facing away 

the Sun, can dip down to -2 90 degrees 
(-160 C). 



"MERCURY IS NAMED FOR ME, THE 
ROMAN GOD OF TRAVEL, COM- 
MERCE, THIEVERY AND CUNNING . AS 
THE MESSENGER OF THE GOVS, I 
HAD WINGS ON MY SANDALS AND 
MY CAR MAKING ME FAST AND 
SWIFT - JUST LIRE MY PIANET'S 
MOTION IN THE HEAVENS." 
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i!J§* is the sec- 
ond planet from the Sun, at about 
67 million miles (106 million km) 
away. It takes about 225 days to 
orbit the Sun, and an even longer peri- 
od of time - about 245 days - to rotate 
on its axis. Venus is the closest planet to 
the Earth, and is roughly the same size - just 




slightly smaller. Because its surface is almost completely covered 
by 3\ layer of clouds, it reflects about 60% of the light from the 
Sun, making it the brightest of all of the planets in our sky. 
Depending on its position, it can appear as much as twelve times 
brighter than the brightest star, Sirius. 



Beneath its layer of clouds - made out of concentrated sulfuric 
acid - Venus is a hot, volcanically active world. Around 500 million 
years ago, Venus is believed to have gone through an extraordinari- 
ly dramatic volcanic period, which covered its surface with floods 
of lava, beneath an atmosphere made up almost entirely of carbon 
dioxide (002). Carbon dioxide, known as a greenhouse gas, has 
the effect of trapping the Sun s heat in the atmosphere, creating 
an average, steady surface temperature on Venus of about 656 
degrees F (459 degrees C). 



Depending on its position in one and the same! The 
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is the third planet from the jjft 
Sun, at about 93 million |lBp 

miles (150 million km) away, 

The average distance from \S" 

the Earth to the Sun is also pj 

known as the astronomical 
unit (AU), and is used as a mea- 
sure of other astronomical distances. 
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1 About 4.5 billion years ago, 

T/ \u4r ^ there is believed to have 

occurred a period of time 
• known as the Late Heavy 

Bombardment, in which frag- 
ments of the early solar system systematically impacted the 
planet. One of the fragments to collide with the young Earth was 
very likely a rogue planet, or planetesimal, at least the size of 
Mars. At that geological time, the Earth would have still been a 
largely molten planet beneath its thin outer crust. As a result, a 
collision of this scale would have been so intense that significant 
parts of the Earth’s crust and mantle would have been ejected 
into space upon impact. The debris of molten rock would have 





SINCE THEN, THE MOON HAS SLOWLY DRIFTED 
AWAY FROM THE EARTH, AND IT CONTINUES 
TO DO SO TODAY AT THE RATE OF ABOUT ONE 
AND A HALF INCHES PER YEAR. 




The chaotic period of the Late Heavy Bombardment - in which 
the solar system may have resembled a giant game of billiards - 
would also neatly explain a number of other oddities. 






because the solar system originally 
emerged from a single rotating nebula, we 
would naturally expect all of the planets in 
the solar system to revolve around the Sun 



in the same direction in which the Sun rotates - and this is 

indeed the 

We would also generally expect all of case, 

the planets to rotate on their 
axes in the same direction, 
which most, but not all, 
of them do. 





Venus rotates on 
its axis in a direc- 
tion opposite to that 
of the other planets, 
while Uranus rotates 
at a 90-degree tilt 
to the plane of its 
orbit. These planets 
are therefore excep- 
tions to the general 
rule. 



BUT if they were once 
knocked off of their 
regular rotations by 
rogue pianetesimals, 
then their quirky behav- 
ior is much easier to 
understand. 





Just past the Earth’s orbit, we find 



the fou rt h 

planet, at about 1.5 AU from the 
Sun, Mars is a dry, red, desert world, 
with a diameter about one half the 
size of the Earth’s. Very similar to the 
Earth, Mars takes about 24.5 hours to 
rotate on its axis, but a much longer period of 
time - about 657 Earth days - to orbit the Sun 



REMEMBER, AU STANDS FOR 
ASTRONOMICAL UNIT, WHICH IS 
THE AVERAGE DISTANCE BETWEEN 
THE EARTH AND THE SUN. 




© PHOBOS 

0 

DEIMOS 



Although it now appears to be a dead, rocky planet, it was once 
volcanically active and boasts the largest (but extinct) volcano 
in the known solar system: Olympus Mons, 57 0 miles (595 km) 
acroe>o and 15 miles (24 km) high - about three times as high as 
Mount Everest! Mars also has two polar ice caps, and small 
amounts of water vapor and oxygen in its atmosphere, which is 
otherwise composed mainly of carbon dioxide. 1 he two small, 
oddly-shaped moons of Mars, Phobos, at about 13 miles (20 km) 
in diameter, and Deimos, about 7.5 miles (12 km) in diameter, 
may have originally been asteroids that were long ago trapped in 
its orbit. 



THE RED PLANET WAS NAMED FOR 
ME, THE ROMAN GOD OF WAR, 
WHILE ITS TWO MOONS WERE 
NAMED AFTER MY TWO ATTENDANT 
SONS, PHOBOS, OR FEAR (FROM 
WHOSE NAME WE GET THE WORD 
'PHOBIA'), AND DEIMOS, OR PANIC . 







Fortunately for us, catastrophic collisions Hire this one 
probably only occur about once every 100 million years or so! 





Just past the asteroid belt is 



GANYMEDE 




Jupiter is the largest planet in the solar system, with a volume 
about 1,400 times the size of the Earth’s. 

Unlike the smaller, rocky, inner planets (Mercury, Venus, Earth 
and Mars), the larger, outer planets are mostly made of gas. 
Astronomers believe that Jupiter has a small core made out of 
solid rock and iron. This core is surrounded by an ocean of liquid 
metallic hydrogen, which in turn is surrounded by an immense 
gaseous atmosphere, primarily composed of hydrogen and helium 
- the same elements that compose stars. In fact, Jupiter’s com- 
position is probably directly left over from the early primordial 
nebula that formed the Sun. Actually, if Jupiter had been about 
SO times larger, it would have been large enough to generate 
nuclear reactions, thus becoming the second star in our solar 
system! 



Jupiter takes almost 12 years to orbit the Sun, but only about 
10 hours to rotate— an. exceptionally fast rotational period. 
That’s why the planet bulges in the middle, which can be seen 
clearly when viewed through a good telescope. 



YOU'VE GOT TO STOP SPINNING 
SO FAST OR YOU'RE NEVER 
GOING TO GET RIV OF THAT 

GUT!! 



Jupiter’s light and dark bands are atmospheric currents, con- 
stantly swirling clouds of frozen ammonia and methane. The 
outer, gaseous surface of Jupiter is turbulent - lots of high 
winds, strong lightning, and wild cyclone-like storms. 



Jupiter’s distinctive Great Red Spot is a cyclone twice the 
size of Earth! It’s the largest storm in the solar system* with 
vyinds reaching up to 270 miles (435 km) per hour It has 
| raged for at least three centuries! 
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|] llluplter is surrounded by a small ring of solid, rocky particles 

robably the nearby asteroid belis^, 

lliite 



F Jupiter has at least 16 moon 
^four of which are about the size of the planet 
Mercury! - They can be seen easily with a stan- 
dard pair of binoculars. These four moons are 
called the Galilean satellites, after Galileo Galilei 
(1564 - 1642), the Italian astronomer who first 
discovered them in the year 1610. 

lo is a rocky world, alive with fierce volcanic activity. 

Europa has a thin atmosphere of oxygen and an icy exterior, 
beneatn which may fay an immense global ocean - and a distant 
possibility for life! 

Ganymede and Callisto, the two largest moons, are the outer- 
most of the four Galilean satellites, and are both icy worlds cov- 
ered with craters. 



JUPITER , WE KING OF WE 
PLANETS, WAS NAMED AFTER ME, 
WE ROMAN KING OF WE GODS, 
WHILE MOST OF THE MOONS THAT 
ORBIT JUPITER ARE NAMED AFTER 
JHE WOMEN IN MYTHOLOGY WHOM 
PURSUED. 



sixth planet, about 10 AU from the 
Sun, and is the second largest 
planet in the solar system. Its 
volume is over 8>00 times the A 
size of Earth’s. 



TITAN 



Like Jupiter. Saturn g 1 ^ 
has a long year ~~ ~ 

(almost 30 Earth years) 

and a short day (just over 10 

hours). Its composition is also similar to 

Jupiter’s: a solid core, an ocean of liquid metallic hydrogen, and an 
atmosphere composed mainly of primordial hydrogen and helium, com- 
plete with storm clouds and bright bands of atmospheric currents. 



Saturn’s distinctive bright rings, made up of frozen gas, rock, and ice, 
were also discovered by Galileo in 1610, and can also be seen clearly 
with a good telescope. Saturn is furthermore surrounded by at least- 
20 moons. The most interesting of these is the largest moon, Titan, 
a world larger than Mercury and almost as large as Mars. Titan has a 
thick atmosphere, which like our own is composed mostly of nitrogen. 
Beneath its cloudy exterior, its interior is believed to be made of rock 
and ice and, like Europa, there is also a possibility that Titan might 
be capable of harboring some form of life. 





"THE SECOND LARGEST PLANET WAS NAMED AFTER ME, A 
TITAN NAMED SATURN. I WAS THE FATHER OF THE GODS AND 
THE KING OF THE UNIVERSE - UNTIL I WAS DETHRONED AND 
SURPASSED IN GREATNESS 8Y MY SON, JUPITER. MANY OF 
SATURN’S MOONS, SUCH AS ATLAS, RHEA, AND HYPERION, 
ARE NAMED AFTER OTHER TITANS, WHILE MOST OF THE REST 
REPRESENT A VARIOUS AND SUNDRY COLLECTION OF 
MYTHOLOGICAL CHARACTERS.” 



The seventh planet, 
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about 19 AU from the Sun. Like the A ? / \ 

other gas giants, Uranus is largely I j : I* * . 

composed of hydrogen and helium, V>^ / 

but it gets its bluish-green color from J 

significant amounts of methane in its !*/ 

atmosphere as well. Uranus is the third j J 

largest planet in the solar system, with a ^ 
volume about 64 times the size of Earth’s. Uranus is also sur- 
rounded by nine faint rings of dust, rock, and ice, as well as 15 
small moons. It has a 17- hour day and takes 64 Earth years to 
orbit the 5un. 
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before the Titans gave birth to the gods, 
the Earth and the Sky gave birth to the 
tans. The Greeks called Mother 
Earth, Gaea, and F’ather Sky, Uranus 
- after whom the seventh planet is 
named. Unlike the rest of the planets, 
the moons of Uranus are not named after 
figures from mythology, but rather after 
characters from Shakespeare’s plays. 
Uranus was first discovered in 1761 by the ^ 

British astronomer. Sir William ^ S ' 

Herschel (1736 - 1622), and for a / / \ 

time it was actually called the plan- / r ~ — J \ \ 

et Herschel (which is probably a / U v J \ \ 

nicer name!). ( . 0 * V i 



"I'LL NEVER UNDERSTAND WHY 
THEY CHANGED THE NAME!" 



is about 30 AU from the 




The eighth planet, 

IfepirasE,, 

Sun, and is very similar in size, color, 
and composition to Uranus. 

The fourth largest planet, 
its volume is about 56 
times the size of the 
Earth’s. Its atmos- 
phere is also com- 
posed largely of 
hydrogen and heli- 
um, and it gets its 
bright blue color from 
methane as well. Storms 

are also raging on Neptune’s surface, with winds reaching 
up to 1,500 miies (2400 km) per hour - the strongest winds 
known in the solar system! Neptune has a 16-hour day and takes 
165 Earth years to orbit the Sun. It has five small, dusty rings, 
and eight moons, the largest of which, Triton, is another intrigu- 
ing icy world, with a nitrogen atmosphere, active geysers, and 
perhaps a possibility for life. 

The bright blue planet of 
Neptune is named after the 
Roman god of the sea. Many of 
Neptune’s moons, such as 
Triton and Proteus, are named 
after other sea divinities, while 
the moons of Naiad and 
Nereid are named after differ- 
ent types of water dwelling 
nymphs. 





No longer the ninth planet. 




io about 39 AU from the 
Sun. Pluto is a yellowish, 
rocky world with a light 
methane atmosphere, 
with a diameter about one 
fifth the size of the Earth’s 
— or about two-thirds the size of 

our Moon. It takes over six days to rotate, and almost 250 
Earth years to orbit the Sun. Pluto also has one large satellite, 
Charon, which is very close in size to Pluto itself. Pluto also has 





Because Pluto is so small, and because its orbit is so eccentric, 
astronomers questioned for years whether it really deserved to be 
considered a planet at ail! Between 30 and 100 AU from the Bun, 
on the outer edge of the known solar system, lies the Kuiper belt 
(rhymes with piper), a ring of rocky, icy bodies, much smaller than 
most planets and much larger than most asteroids. In 2006, the 
International Astronomical Union finally decided that Pluto wouid 
no longer be considered a planet. As consolation for Pluto, it may 
no longer be the smallest planet, but it can now consider itself 



the largest and mightiest object in the Puiper belt! 

PLUTO'S ORBIT 





VSELUSMG THE PLiRmETS 



The planets can be distinguished by their steady light (whereas 
stars twinkle), their locations along the path of the ecliptic (the 
same path that the Sun takes across the sky), and by their wan- 
dering nature in relation to the stars. In fact, the word ‘planet’ 
comes from the Greek word planetos, meaning ‘ wanderer 




But a closer look reveals that from one night to the next, against 
the background of the stars, the planets generally tend to move 



from 






The major planets - Mercury, Venus, Mars, Jupiter, and 
Saturn - can all be seen easily with the naked eye. 
Uranus, however, is quite difficult to see with the 
naked eye, and Neptune can only be seen with a good 
telescope. 
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While all of the planets wander thfpkifes at various times 
throughout the year, the best times to view the inner planets. 
Mercury and Venus, are when they are at or near their greatest 
elongations. At such times, from our perspective, they are at 
their farthest points away from the Sun and its glare. At their 
greatest western elongations, they can be seen just after sun- 
set, and at their greatest eastern elongations, they can be 
seen just before sunrise. 



'O 



EARTH 



GREATEST 

WESTERN 

ELONGATION 



Mercury reaches its greatest elongations between three to five 
times a year. When it does, it appears just above the horizon 
at a little under two hours before sunrise or after sunset. 

With its longer orbit, Venus can reach elongation, at most, 
twice a year, and some years not at all. When Venus reaches 
greatest elongation, it appears well above the horizon about 
three hours before sunrise or after sunset. 
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The best times to view the outer planets are when 
they are at opposition. 



CONJUNCTIOfO* 




^OPPOSITION 



At such times, they 
are 150 degrees 
opposite from the 
Sun in our sky. Thus, 
when the Sun sets, 
the planet in opposi- 
tion will rise in the 
east and will remain in 
the sky throughout 
the night, at its 
closest and brightest 
point to the Earth. 






MARS IS IN OPPOSITION ABOUT ONCE 
EVERY TWO YEARS; JUPITER, ABOUT 
ONCE EVERY THIRTEEN MONTHS; 
SATURN, URANUS, NEPTUNE, ANT) PLUTO, 
ROUGHLY ONCE A YEAR. 
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So far, the Earth is the only planet in the solar sys- 
tem an d, indeed, the only planet in the universe in 
which life is known to exist, biologists believe that 
life originated on Earth,, over b.5 billion years ago, in 
the form of single-celled microorganisms, which 
Somehow acquired the abilities to process energy, 
reproduce, and la ter to evolve. The ingredients for 
life - which don’t appear to be too uncommon else- 
where in the universe - seem to include organic com- 
pounds (which are molecules based on carbon 
atoms), water, and m*. 

some form of energy, 

Such as light or Jf ( V- 

heat. &ut although * -€ * * ^ 

on one level it's easy ' * I 

enough to say what life is (We 

know it when we see it!), on another 

level it is still not understood * T 

how or why life originated in the j"'"' \ 

first place. When millions of non- C 

living organic compounds some- 

how organize themselves and jm * jP 

spring to life, this is no small V ~^T S 

source of wonder! ,/_l 





That said, the argument in favor of life beyond 
Earth goes something like this: The universe in 
which we live contains a countless number of 

stars, and many distant solar systems, 
not too unlike our own, have already 
been observed elsewhere in the galaxy. 
In such a vast and complex place, with 
1 so many possibilities, it shouldn’t be 
too surprising if life on other worlds 
turned out to be somewhat common. 



RoSvJe^ 
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he more skeptical argument, however, 
serts that life itself is such a singular 
mystery that, for all we know, it may have 
only originated at one time, and on one plan 
- which lust so happens to be our own. 









yet, we have no conclusive evidence that 
exists anyplace else but home. 



A famous Martian 
meteorite, which NASA 
went public with in 1996, 
showed signs that some 
interpreted as evidence 
that microorganisms 
may have once existed 
on Mars, but in the final 
analysis it was a long 




Nevertheless, absence of evidence isn’t 
evidence of absence, as the saying goes, and 
hasn’t stopped scientists from 
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Some scientists reason 
that if life were able to 
arise on other planets, and 
evolve into creatures with advanced 
forms of intelligence, then perhaps 
these extraterrestrial beings would 
be able to transmit communica- 
tion through space via radio 
waves, just as we do with radio 
and television. 

Radio waves may not be visi- 
ble to the human eye, 
but just like waves of vis- 
ible light, they’re strong enough to travel vast 
distances at top speed. 




While a standard optical telescope pointed at 
a star is designed to receive that star’s visi- 
ble light, a radio telescope pointed at a star 
is designed to receive that star’s radio wave 
emissions. And while stars and other objects 
in the universe do emit radio waves naturally, 
an artificial message sent via radio waves 
should appear to be c^uite distinct. 





THE ARECIBO RADIO TELESCOPE 




Since the 1960’s, there have been repeated attempts to search 
the heavens for radio wave messages from other stars. The most 
famous of these has been the Search for Extra Terrestrial 
intelligence (SETi). This program was officially begun by NASA in 
1992, only to have its budget completely cut by the US Congress 
in 1993. Nevertheless, it continues today through the support of 
private funding. 



So far, no messages have been found, but then again this isn’t 
simple work. In order to receive a possible signal, a radio telescope 
has to be pointed at a specific star - and there happen to be 
guite a lot to choose from! SETI’s goal is to receive and analyze 
data from 1,000 stars in the galaxy. Furthermore, to assist in 

this endeavor, the University of 
California at Berkeley has a program 
called SETl(d)H ome, which allows individu- 
als to participate in this project over the 
Internet. After downloading free software, a 
personal computer can be used to help 

analyze radio wave data - which could 

~ KDjust end up being the first signals from 

J | \ intelligent life beyond our planet! One way 
or another, the search will go on... 





CHRPTER 3: 

Errth, Sun, Moon 



As the Sun revolves around the 
Milky Way Galaxy, the Earth 
revolves around the Sun, and the 
Moon revolves around the Earth. 

The relationship between 
the Earth and the Sun 
^ ^ defines the Earth’s seasons 

|and the length of the year, 

and the relationship 
between the Earth, the 
Sun, and the Moon creates 
some rather remarkable 
celestial events. 



£ 
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THE ERRTH'S ORBIT 



Cruising at about 67,000 miles per hour (1 06,000 km/hr), it 
takes our planet one year to complete its roughly circular, 
counterclockwise orbit around the Cun. 






^PHeL-tOhJ 



/Autumnal 

GOuiNOX 



To be more precise, 

it takes 365.2422 days, which is to say, 365 days, 5 hours, 49 
minutes, and 12 eeconde\ We try to ignore this extra 24% of a 
day in our calendars until about once every four years, when we 
just can’t put it off any longer. E3y that time, an entire extra day 
has added up, so we add February 29 th into the leap year, to try 
to keep our calendars roughly up to speed with the solar year. 



'A 





To be even more precise, 

our orbit around the Sun isn’t exactly circular. Technically, it's an 
ellipse. The Earth’s average distance from the Sun is about 93 
million miles. However, each year, around January 4^\ we reach 
our perihelion, our closest point to the Sun, when we're about 
91.5 million miles away, and six months later, around July 4^\ we 
reach our aphelion, our farthest point from the Sun, when we’re 
about 94.5 million miles away. 



VeRNAL 
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INTERESTINGLY, OUR PERIHELION ANV 
APHELION HAVE VERY LITTLE EFFECT 
ON OUR SEASONS. 




When the Southern Hemisphere experiences summer at 
perihelion, it receives just 6% more solar energy than when the 
Northern Hemisphere experiences summer at aphelion. Our sea- 
sons are determined instead by the relationship between the tilt 
of the Earth’s axis of rotation and the degree of the Sun’s most 
direct heat, that is, the plane of the ecliptic. 
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Our distance from the Sun doesn’t determine 
our seasons, but it does determine our speed. 
This was first discovered by the German 
astronomer, Johannes Kepler (1571 - 1630), in 
the early 17th century... 
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MY FIRST LAW OF PLANETARY MOTION STATED 
THAT All PLANETS Will ORBIT WEIR SUN IN 
ELLIPTICAL PATHS, WITH THEIR SUN AS ONE 
FOCUS OF THEIR ORBIT - THAT IS, CLOSER TO 
ONE END OF THEIR ORBIT THAN THE OTHER. 



vs 



ELLIPTICAL 

ORBIT 



FOCUS 1 ;Uu S2 



MY SECOND LAW OF PLANETARY MOTION WAS THAT AN 
ELLIPTICAL PATH WILL CAUSE VARIATIONS IN SPEED. THUS, 
WHEN PERIHELION BRINGS US CLOSER TO THE SUN, THE EARTH 
WILL MOVE A LITTLE FASTER ALONG IN ITS ORBIT, AND WHEN 
APHELION TAKES US FARTHER FROM THE SUN, THE EARTH WILL 
MOVE A LITTLE MORE SLOWLY ALONG IN ITS ORBIT. 





SIMILARLY, MY THIRD LAW OF PLANETARY \ 
MOTION WAS THAT A PLANETS DISTANCE 
FROM ITS SUN WILL ALSO DETERMINE HOW 
FAST IT GENERALLY MOVES IN ITS ORBIT. IN 
OTHER WORDS, THE CLOSER THE PLANET IS TO 
THE SUN, THE FASTER IT WILL MOVE; THE FAR- 
THER A PLANET IS FROM THE SUN, THE SLOW- 
ER IT WILL MOVE. THIS IS ONE REASON WHY 
MERCURY - SO CLOSE TO THE SUN - HAS AN 
ORBIT OF JUST 88 DAYS, WHILE PLUTO - SO 
FAR AWAY FROM THE SUN - HAS AN ORBIT OF I 
NEARLY 250 EARTH YEARS. i 



The ecliptic is the plane of our orbit around the Sun and, as we 
have already mentioned, it is also the general plane of orbit for 
all of the other planets in our solar system. One way to concep- 
tualize the plane of the ecliptic is to imagine a line connecting 
the center of the Sun to the center of the Earth. As the Earth 
revolves around the Sun, our imaginary line draw s a plane in its 
path. Extend this plane out into space, beyond the Earth, and 
you have the plane of the ecliptic. 
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From our perspective 
on Earth, we can also 
conceptualize the path 
of the ecliptic as the 
path of the Sun 
against the back- 
ground of the sky. Put, 
of course, the Sun 
doesn’t actually move 
across the sky. It just 
appears that way 
because the Earth is 
spinning on its axis. 



The Earth’s axis can be 
thought of as a straight line 
going directly through the cen- 
ter of the Earth, with one end 
at the North Pole, and the ___ 
other end at the South Pole. 
However, in relation to the 
plane of the ecliptic, the 
Earth’s axis is tilted at about 
25.5 degrees. 





The tilt of the Earth’s axis of rotation, and its changing 
relationship to the plane of our orbit, naturally divides the 
year into four seasons. On the vernal equinox, which falls 
around March 21®^, the Earth’s axis of rotation is at a 
23.5 degree s/deways tilt in relation to the plane of the 
ecliptic (rather than being tilted r\orVma'cd or southward), 
so that the Sun’s light covers both the Northern 
Hemisphere and Southern Hemisphere equally. At noon, the 
Sun is directly above the equator, at zero degrees lati- 
tude, and all over the world the day and the night are 
equally about 12 hours long. 




As the Eairth ^pins on its axis, 
the most direct sunlight (also 
called sofarnoon) remains 
directly above the equator, 
because the Sun remains 
above the equator* from our 
perspective during the day* It 
will appear to rise in the east, 
and set in the west. 

In the three months following 
the vernal equinox, the Earth 
will complete the first quarter 
of its revolution around the 
Sun, moving 90 degrees, coun- 
terclockwise, fn Its SSOdegree 
Orbit. During this time, the 
path of the Sun will slowly 
move north, from being directly 
above the equator at noon, to 
being directs above the tropic 
of Cancer, at 25.5 degrees 
north latitude. 





In the Northern Hemisphere, the 
days will become longer and 
the nights will become shorter 

In the Southern Hemisphere, the 
days will become shorter and the 
nights will become longer, 




On the summer solstice, which falls around June 21 s ^, the 
North Pole is tilted sunward, 23.5 degrees, and the Sun’s 
rays beat down most directly upon the Northern 
Hemisphere. At noon, the Sun is directly above its north- 
ernmost point, the tropic of Cancer, at 23.5 degrees 
north latitude. In the Northern Hemisphere, this is the 
longest day and the shortest night of the year. In the 
Arctic Circle, above 66.5 degrees north latitude, there are 
24 hours of daylight! 








In the thrice months following the summer 
solstice, the Earth will complete the second 
quarter of its revolution around the 5un. 
moving another 90 degrees, counterclock- 
wise, in its 360 -degree orbit. During this 
time, the path of the Sun will slowty move 
south, from being directly above the tropic of 
Cancer at noon, to being directly above the 
equator. 



is tilted away from the 5un r For the 
Southern Hemisphere, this is the winter sob 
st ice - the shortest day and the longest 
night of the year. Jn the Antarctic Circle, 
below 66.5 degrees south latitude, there are 
24 hours of darkness. 



In the Northern Hemisphere, 
the slays will become shorter and 
the nights will become 

longer, 

In the Southern Hemisphere, 
the days will become 
lounger and the nights 
will become abater. 



At this time, as the Earth spins on its axis, 
the most direct sunlight remains directly 
above the tropic of Cancer. Because the Sun 
remains at its northernmost point, from our 
perspective during the day, it will appear 
to rise in the northeast, and set in the 
northwest. 




By the autumnal equinox, which falls around 
September 22 n< ^, the Earth’s axis of rotation has 
again reached a 23.5 degree s/deways tilt in relation 
to the ecliptic, so that the Sun’s light covers both the 
Northern Hemisphere and the Southern Hemisphere 
equally. At noon, the Sun is once again directly above 
the equator, and all over the world the day and the 
night are equally about 12 hours long. 






In the Northern 
Hemisphere, the days will 
continue to become stole 
and the nights will con- 
tinue to become 
longer 

In the Southern 
Hemisphere* the days will 
continue to become 
l<^n*g^r*and the 
nights will continue to 
become stortec 



As the Earth spins an its axis, 
the mast direct sunlight from 
the ecliptic again remains 
directly above the equator, From 
Our perspective during the day, 
the Sun will again appear to rise 
in the east, and set in the west. 



in the three months following the 
autumnal equinox, the Earth will 
complete the third quarter of its 
revolution, moving another 30 
degrees, counterclockwise, along 
its 360 -degree orbit, Puring this 
time, the path of the 5un will 
continue to move south, from 
being directly above the equator 
at noon, to being directly above 
the tropic of Capricorn, at 23-5 
degrees south latitude. 





On the winter solstice, which falls around December 22 n< ^, 
the Earth’s South Pole is tilted si inward, 23.5 degrees, and 
the Sun’s rays beat down most directly upon the Southern 
Hemisphere. At noon, the Sun is directly above its south- 
ernmost point, the tropic of Capricorn, at 23.5 degrees 
south latitude. In the Southern Hemisphere, this is the 
summer solstice, the longest day and the shortest night 
of the year. In the Antarctic Circle, below 66.5 degrees 
south latitude, there are 24 hours of daylight. 





fn the Northern Hemisphere, 
the days wEli become 
longer and the nights 
will become shortsr 

In the Southern Hemisphere, 
the days will become shorter and 
the nights wifi become 

longer, 



At this time, as the Earth spins or its axis, 
tins most direGt sunlight from the ecliptic 
remains directly above the tropic of 
Capricorn. From our perspective during the 
day, the Sun will appear to rise in the 
southeast, and set in the southwest. 



At the same time as the Southern 
Hemisphere is experiencing summer, the 
Northern Hemisphere is experiencing wihter 
In the Northern Hemisphere, the winter sol- 
stice is the shortest day and the longest 
night of the year. In the Arctic Circle, above 
66.5 degrees north latitude, there are 24 
hours of darkness. 



In the three months following the winter sol- 
stice, the Earth will complete the final quar 
ter of its revolution around the Sun, moving 
another 90 degrees, counterclockwise, to 
complete the 360 'degree orbit that it 
began at the fast vernal equinox. Puring thk 
time, the path of the Sun will slowly move 
north again, from being directly above the 
tropic of Capricorn, to being back above the 
equator. 





As it happened, Syene lay 
essentially right on top of 
the Tropic of Cancer, at 
about 23.5 degrees north 
latitude. Thus, at noon on 
the summer solstice, the 
Sun was pretty much 
directly overhead in Syene. 
Sut because Alexandria 
was further to the north - 
and because the Earth is 
curved - this would not 
have been the case in 
Alexandria. 

* 
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Eratosthenes was a remarkable 
scholar who lived in the Egyptian 
city of Alexandria in the third 
century SC. As the director of 
the famous Library of Alexandria, 
Eratosthenes read that at noon 
on the summer solstice, in the 
Egyptian city of Syene, a vertical 
object, such as a column or an 
obelisk, would cast no shadow. 
Eratosthenes found this intrigu- 
ing because in Alexandria, which 
was about 500 miles (or &00 
kilometers) to the north of 
Syene, vertical objects did in fact 
cast shadows at this time. 





itbe Summer Solstice 



Incredibly, Eratosthenes was able to 
figure out that this was indeed the 
explanation - which meant that the 
Earth wasn’t flat, as many people at 
the time believed. Eratosthenes 
went on to gompare the dif- 
ference between the direc- 
tions of the shadows in 
Alexandria and Syene, and 
found that they differed 






by about 7 degrees. From this, he was able to 
deduce that between the two cities the Earth 
must have had a curvature of about 7 degrees. 
If there were 360 degrees of curvature around 
the edge of a sphere, and if 360 divided by 7 
yielded 51, then, he reasoned, the distance 
between Alexandria and Syene must have been 
very nearly one-fiftieth of the distance all the 
way around the Earth’s surface. 

As a result, not only did Eratosthenes figure 
out that the world was round, but by multiply- 
ing the number of miles between Alexandria and 
Syene by 51, he was also able to figure out, very 
closely, just how big the planet actually was. 





Just as the Earth has a counterclockwise, slightly elliptical orbit 
around the Sun, so Joes the Moon have a counterclockwise, 
slightly elliptical orbit around the Earth. When the Moon is at its 
perigee, its closest point to the Earth, it’s about 226,000 miles 
away, about 23.5 times the length of the Earth. When the Moon 
is at its apogee, its farthest point from 
the Earth, it’s about 252,000 miles 
away, about 32 times the length of 
the Earth. At perigee, the Moon 
appears about 12% larger 




than at apogee. 



Compared to the size of the Earth, the Moon is 
relatively small, with a radius just about one-fourth the 
J size of the Earth’s. If you were to get in your moon- 
fe«.i<iee buggy and drive from one side of the 
Moon to the other, it would be about 
the same distance as driving acro&e the United i 
States, say from Boston to San Francisco. 

Nevertheless, it is still large enough to have a 
considerable effect on the ocean s tides, which 
regularly rise and fall in accord with the Moon’s 
gravitational pull. High tide will always occur 
shortly after the Moon reaches its zenith, its 
highest position overhead. 







Just as one half of the Earth is always lit by the Sun, so one half 
of the Moon is also always lit by the Sun. However, from our 






perspective, as the Moon revolves around the Earth, it 
appears to pass through several different phases. 




At the new moon phase, the side facing away from the Earth 
is lit, and from our perspective, the Moon is shrouded in dark- 
ness. As the Moon revolves, it enters the waxing crescent 
phase, and each night a larger crescent becomes visible. By 
the time it enters the first quarter phase, a half moon can be 
. seen. As it continues to revolve, it enters the 

n waxing gibbous phase, still appearing to 

become larger and larger until it becomes a 
full moon, when the entire lit side can be 
seen from Earth. Continuing, it enters the 
waning gibbous phase, and less and less of it 
is seen each night. At the last quarter phase, once again, a 
half moon is seen. Finally, during the waning crescent phase, 
each night a smaller crescent is visible, until the Moon once 
again enters the new moon phase. 




The lunar month is the period of time it takes for the Moon to 
complete this cycle. Traditionally, the lunar month is reckoned 
from new moon to new moon, and lasts about 29.5 days. 





le 



Oy/-> 



weM ' 



Autumnal equinox is known as the Harvest Moon and holds 
this distinction because of its curiously large and bright 
appearance. During this time, the Moon’s orbit is such that 
it rises gracefully over the eastern horizon in the early 
evening, rather than ascending straight towards its zenith. 
Because of the extra light from this moon, so the tradition 
goes, farmers-j^lti' work in the fields, collecting the autumn 
harvest, well past the setting of the Bun. The effect is simi- 
lar at the time of the subsequent fuli moon - the Hunter’s 
Moon - near the end of October. . 

To the human eye, the Moon in general appears larger over 
the horizon higher in the sky - a phenomenon 

known as No one why 

' thisisa^||p!#theories exist, but : t|||SB is 
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If the Moons orbit around the Earth lay precisely on 
the plane of the ecliptic, we would see two full 
eclipses during each lunar month. At each new ^ 
moon, we would see a total solar 
eclipse. The Moon would pass 
directly between the Earth and th 
Sun, temporarily casting its shad- Sr * Bj 
ow onto some parts of the Earth. 



At each full moon, we would see a total lunar eclipse. The Earth 
would pass directly between the Sun and the Moon, casting its 
shadow onto the surface of the Moon. 
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Of course, this is not the case. In relation to the plane of the y 

ecliptic, the Moon’s orbit tilts at an angle of about !:3 degrees, and 
thus the Moon itself varies from as much as 20,000 miles above and 
below the ecliptic. Furthermore, the two points in the Moon's orbit thai 
intersect the plane of the ecliptic, called the nodes, do not remain in a 
fixed position, but continually revolve around the Earth, as the Earth 
revolves around the 5un. 

In order for an eclipse to take place, the Earth, the Moon, the Sun - an 
the nodes of the Moon’s orbit - must all be in dose alignment. ITecausf 
of the complex cycles of eclipses, there can be no more than five sosar 
eclipses, and no more than three lunar eclipses, in any given year. /C 



^art* 



?C1-I Pr.r 



69 





The Dragon 
that Devoured 
tht JVIoon 

Before humankind was 
able to piece together 
a more accurate 
understanding of the 
heavens, solar and 
lunar eclipses were 
viewed as highly unnat- 
ural events, and 
regarded with fear and 
superstition. 



In myths and folklore from 
otherwise diverse cultures 
throughout the world, these temporary 
moments of darkness over the Sun or the 
Moon were interpreted, in one way or another, as 
evil omens brought on by some sort of malevolent, 
mythological creature out to devour the venerated 
heavenly orb. According to various customs, in order to 
drive away this darkly intrusive force, people would 
gather outdoors at such times, shouting and singing 
and banging on drums, until the Sun or the Moon would 
return safely from the throes of destruction. 



AND, APPARENTLY, THIS 
WORKED EVERY SINGLE 

TIME! 



A 





There are a number of different kinds of solar and lunar 

eclipses. 



A solar eclipse can be total, when the Moon 
completely covers the disk of the Sun. 
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Or it may be a partial solar eclipse, when th 

Moon only partially grazes the disk of the Si 



In addition, there is also something called an 
annular solar eclipse. We have already seen 
how the Moon varies in its orbit between 
apogee and perigee. E>y a fortunate coinci- 
dence, its average size as seen from the 
Earth is just about the same size as the disk 
of the Sun as seen from Earth. However, when 
the Moon is closer to apogee, it is not large 
enough to completely cover the disk of the 
Sun, so that when an annular solar eclipse 
reaches its maximum, a large ring of the Sun 
is seen around the Moon! 





L 



A lunar eclipse can also be total, when the 
Earth’s shadow completely covers the face of 
the Moon. 



Or it may be a partial lunar eclipse, when 
the Earth’s shadow only partially covers 
the Moon. 





Furthermore, there is also the phenomenon of a penumbra I lunar eclipse. The 
IE r i rt h a n d h e M o o n c a at two differ re n 1 1 y p e s of a I' 1 a d o w s in the Ugh t of t \ 1 c 
5un. The umbra is the darker, more narrowly focused shadow, and the 
penumbra is the lighter, more broadly focused shadow. 



Purina a eon umbra I lunar 
e oh v me it, 1 on I y t h e va g u e , 
o e n i r n b r a \ ? ■ h a d o w of the 
e a \ ’■*.:>! o 1 1 a t t; ■■ a a a e a a c ro a a 
the 4 ace nr the Moon. 





During a solar eclipse, the Moon's smaller 
a n d mo re focused u m b ["a I s h a d o w hi t s t h e 
Earth, because of this - and because the 
Moon Itself Is so much smaller than the 
Earth - a solar eclipse of any kind Is best- 
seen when observed from locations within the 
narrow path of the Moon's umbral shadow. 



Of course, if you have the opportunity to observe a 
s o I a r o c I i p-.wc you a h o u I d n eve r I oo k at it d i rect- 



i y, a s it o ( > u i d b u r n y o u r ret i n a s to t h e po i n t 

0 f I ? I i n d n e s s i T h e o n I y s a f e way s t o o b s e r ve 
a s o I a r e c ; i p a e r i re e i t h e r t o p r oj e c 1 1 h e 

1 m a a e w 1 t h a p i n h o I e p r o j e c to r, o r t o view 
it through a strong solar filter. (The best 
thing to do is to get in touch with your 
local planetarium or observatory to learn 
more about what they may have to offer) 




WHILE A SOLAR ECLIPSE 
t CAN BE DIFFICULT TO SEE , 

A LUNAR ECLiPSE IS JUST WE 
OPPOSITE . BECAUSE THE MOON 
ACTS AS A RIND OF GIANT 
PROJECTION SCREEN , A LUNAR 
ECLIPSE OF ANY RIND CAN BE SEEN 
EQUALLY WELL FROM JUST ABOUT 
ANYWHERE ON THE NIGHT 
SIDE OF THE EARTH FACING 
THE MOON . 





The Eclipse that Saved the Pay! 

The Greek historian, Herodotus, writing in the fifth century 
E3C, tells of a war in Asia Minor between the Lydians and the 
Medes, which had lasted for five years, with neither side 
appearing to be winning. In the sixth year, however, in the 
midst of a fierce battle, the Moon suddenly eclipsed the 
L Sun, and darkness fell over the battlefield. As luck 
V would have it, both sides interpreted this as a sign i 

^ from the gods that they should immediately make M 

peace - and so they did! Because astronomers are 
able to calculate the cycles of eclipses both for- Mt 
ward and backwards in time, we now know that 
event must have occurred on 
May 20^, in the year 505 E3C. 
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As the Earth spins on its 
axis, most of the stars in 
the night sky appear to move 
from east to west - except 
Polaris, which stays firmly in 
its place, like a nail in the 
center of the northern sky. 
Polaris and the other stars 
nearby are called north cir- 
cumpolar stars (Latin for 
‘near the pole’), and in the 
Northern Hemisphere remain 
above the horizon 
throughout the year. 






The easiest way 
to locate the 
North Star is 
to find the Big 
Dipper, which is 
located in the 
bright, north 
circumpolar 
constellation of 
Ursa Major 
(Latin for 
‘Great Bear’), 
and trace an 
imaginary line 
connecting the 

stars Merak and Dubhe about six times their distance from each 
other. They point almost directly towards Polaris, which is also the 
tip of the Little Dipper’s handle. 





In the Southern 
Hemisphere, the south cir- 
cumpolar constellations 
remain above the horizon 
throughout the year. The 
South Pole doesn’t point 
towards any star in par- 
ticular, but the famous 
south circumpolar con- 
stellation, the Southern 
Cross, does point almost 
directly towards the 
south celestial pole. 
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Non-circumpolar stars - stars that are net near the poles - are 
found lower in the sky, and are visible at different times through- 
out the year, relative to our orbit around the Sun. For example, in 
January, the non-circumpolar constellation of Orion is prominent 
in the night sky, but six months later, when the Earth is on the 
opposite side of the Sun, Orion is no longer visible, 



The exact locations of all non-circumpolar stars depend on the 
time of the year, as well as one’s latitude. The celestial meridian 
is an imaginary line in the sky running north and south, directly 
above the observer. The celestial equator is an imaginary line in 
the sky running east and west, projected outward from the 
Earth’s equator. A stargazer standing at the Earth’s equator 
would thus see the stars of the celestial equator directly over- 
head, running east and west. North of the equator, these same 
stars would be seen lower in the southern sky, while south of the 
equator, the same stars would be seen lower in the northern sky. 




Tk JVIgth of the ©reat Skat 

Ursa Major is an extremely prominent constellation in the north- 
ern sky, and has captivated our attention since ancient times. 
Today we primarily think of it as the Pig Pipper, and Homer tells 
us that the ancient Greeks also used to think of it as the Wagon. 




Its name, however, means ‘Great dear, and this is 
its story. . . 



Jupiter, the king of the gods, 
was up to his usual, 




amorous seif, when he fell in 
love with the woman 
Callisto, whom he, in due tmfw 
is course, impregnated. 



On discovering this, 
Jupiter’s jealous wife, 

Juno, became characteristically furious, and as 
punishment, after Callisto had given birth to her 
son, Juno had Callisto transformed into a bear. 





Put as if this were not vengeance enough, when Callisto's son, 
Arco, grew older, Juno tried to connive a situation in which the 
young lad, while out hunting, would end up killing his own mother. 
Completely unaware of what he was actually doing, he sighted the 
bear, pulled back his arrow, and released it from its string. 





The Zodiac 

The twelve constellations of the zodiac (from a Greek word mean- 
ing ‘little animals’) are non-circumpolar constellations, which lie 
along the path of the ecliptic - the same general path taken 
aero ss the sky by the Sun, the Moon, and the planets. According 
to ancient superstition, a person’s astrological sign is determined 
by the constellation through which the Sun passes on the day of 
his or her birth. (That same constellation would not be visible in 
the night sky until about six months later, when the Earth is on 
the opposite side of the Sun.) 
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However, aside from there being absolutely 
no logical reason why the zodiacal constel- 
lations should have any effect on o 
our personality or behavior, \J€6^ 

another difficulty with astrology 
is something called the precession of 
the equinoxes. This refers to the fact ' 
that the gravitational tugs oug_ 

of the Sun and the Moon tulV* 

cause the tilt of the Earth’s 
axis to shift over time, because 
of the precession of the equinoxes, the 
celestial poles slowly change their 
positions with respect to the stars. In 
about 13,000 years from now, the 
North Pole will point towards a new 
North Otar: Vega. But in another 13,000 
years, it will again point towards 
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Due to this long-term effect, the Earth 

is in a somewhat different position today with 
respect to the zodiac than it was over 3,000 years ago, when 
astrology was in its prime. 




FOR EXAMPLE, 3,000 YEARS AGO, ON 
WE VERNAL EQUINOX, WE SUN 
PASSED THROUGH WE CONSTELLATION 
OF ARIES. 



ACCORDING TO MODERN ASTROLOGY, HOWEVER, A 
PERSON DORN ON THE VERNAL EQUINOX TODAY 
WOULD STILL BE CONSIDERED AN ARIES - IN SPITE 
OF WE FACT THAT WE SUN NOW HAPPENS TO 8E IN 
A DIFFERENT POSITION ON WE VERNAL EQUINOX, 
NAMELY, IN THE CONSTELLATION OF PISCES! , 





The celestial sphere is an imaginary sphere used by astronomers 
to depict the stars as seen from the Earth. With the Earth at 
its center, the Earth’s poles point directly towards the celestial 
poles, the Earth’s equator extends outwards to describe the 
celestial equator, while the path of the ecliptic crosses the celes- 
tial equator at an angle of about 23.5 degrees. 
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The celestial sphere is used as a map to locate objects in the 
sky with celestial coordinates. Just as the Earth's equator des- 
ignates zero degrees latitude, the celestial equator designates 
zero degrees declination. North of the celestial equator, declina- 
tion is measured in positive numerical degrees (from zero to 
+ 90 ). South of the celestial equator, declination is measured in 
negative numerical degrees (from zero to -90). Thus, the north 
celestial pole lies at +90 degrees declination, and the south 
celestial pole lies at -90 degrees declination. 
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Whereas the celestial latitude of declination is mea- 
sured in degrees, minutes, and seconds, the 
celestial longitude of right ascension is mea- 
sured in hours, minutes, and seconds. Right 
ascension begins at the point on the 
celestial sphere that depicts the stars 
as seen on the celestial meridian at 
the time of the vernal equinox. The 
celestial sphere is then divided into 
24 vertical hour lines: The line of the 
vernal equinox is the zero hour line, 
the line of the summer solstice is 
the 6 hour line, the autumnal 
equinox is the 12 hour line, and the 
winter solstice is the 10 hour line. 
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A star lying exactly on the zero 
hour line and on the celestial equa- 
tor would thus have the celestial 
coordinates: zero hours right ascen- 
sion, zero degrees declination, while a 
star lying on the 12 hour line, 10 
degrees above the celestial equator, 
would have the coordinates: 12 hours right 
ascension, 10 degrees declination. 




The universe is populated by many different types of stars, which 
vary on the scales of age, size, density, pressure, and brightness. 
At their cores, stars are capable of a number of different types 
of nuclear reactions, which correspond to different stages of thei 
natural lifetimes. 

Stars are primarily composed of hydrogen and helium, but differ- 
ent types of nuclear reactions can produce different types of 
atoms, or chemical elements. When different types of elements 
are burned, they give off different colors, which can be seen in the 
details of the spectrum of light emitted by a star. (And the sci- 
ence that studies the spectra of light is called spectroscopy.) 



E5y analyzing the color of a star's light, scientists are therefore 
able to discover information about its temperature and chemical 
composition, which, in addition to its size, can also indicate its 
stage of evolution. 



As a result, it is known that stars that give off a 
bluish-white light are generally the youngest and 
the hottest stars. 
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Stars that are 
yellow seem to be in 
their prime. 



Red and orange 
stars are older 
and cooler, and 




vnix-e si <ars vent 
,0 be in their fin 
stages. 



wn star, the Si 
average, yellow, 
reaching its mic 



observations of 
_ars, its crisis 
^ix^^ly won t come abou 
for another 5 billion yeare 
so. At that time, when th 
majority of the hydrogen 
atoms in its core have be 
fused into helium, then th 
nuclear reactions generat 
hydrogen will begin to exp, 
\Nard s, and its size will be^ 
Meanwhile, under the fore 



its remaining helium aton 
collapse at its core, form 
their own nuclear reactioi 



At this stage, the Sun 
will become a red giant, 
and its mass will likely 
continue to swell to 
such a volume that it 
will come to er\compae5 
the orbits of Mercury, 
Venus, and the Earth. 



mpera x-ure win cool remaps a 
on as a half a billion years la 
when it has burned 
the bulk of its matl 
and can no longer g 
erate the temperatL 
necessary for nuclear 
factions, its remaining 
;nts will steadily shrink 
ipsing upon their own g 
;o become a small whiti 
arf - about as small as 



Our 



that is, until it ultimately dies off completely, perhaps to 
become a black dwarf - the dark and lifeless chemical remains 
of a once mighty star. 
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A star much larger than the Sun, 
such as a red or a blue super 
giant, will undergo a much more 
dramatic fate when it expires* 
becoming a supernova ■ exploding 
brilliantly under the weight of its 
gravitational collapse. The bulk of 
the star’s matter and energy is 
then released back into the uni- 
verse In the form of an interstellar 
nebula. 



However* at the cone of the ex-star, 
bare neutrons will often remain as 
byy noducts of these massive 
atomic explosions, Bonded togeth- 
er by nuclear forces* these neu- 
trons can then condense to form a 
neutron star, which can shrink 
down to as little adjust 10 miles 
(16 km) in diameter, but 
becoming so dense s 0 *" 

that a teaspoonful 
of its matter would. V 
Heigh about a bit f_ 
lldn tons on Earth! j 



A neLtron star can 
also' become a pulsar - a 
type of star that continuously 
OfViits pulses of radio waves out 
into space upon each rotation* 
which can occur within just frac- 
tions of a second! 
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Another type of star, called a variable star, wil display a fluctuat- 
ing brightness, which can have a number cf ca uses. 

A starts friability may be frrtrirTsrc, when its brightness is actually 
changing. Examples of intrinsic variables are eruptive stars under- 
going explosions, and pulsating stars, which vary in brightness due 
to imbalances between their cores and their outer layers. 

A star's variability may also be extrinsic, ( ^urusHTi^ ' 
or caused by external factors, such as 
when one star is periodically eclipsed by another. 

Variable stars called Cepheida will display their 
variations at a guiok and steady pace, over 
days or weeks, while long-term variables can 
take periods of over a year. 
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A star’s brightness is measured in terms of Its magnitude. 



Absolute magnitude measures the intrinsic brightness of stars, 
based on how they would be seen from a uniform distance. 

Apparent magnitude measures the brightness of stars as seen 
from the Earth, determined by both their absolute magnitude 
and by their actual distance from the Earth. 



The brighter the star is, the tower the number of Its 




magnitude. First magnitude Stars, with a magnitude 
of 1.5 or less, are 100 times brighter than sixth mag- 
nitude stars, with magnitudes 
t.etaser, 5.5 and 65. j 

Magnitude is HiSHtR 

The brightness of the ■, nairTMiMmim , {flJ 



Uranus which is barely visible tc 
the naked eye, has an apparent 
magnitude of about 5.6, 




while Venus, the brightest 
planet, has an apparent 



magnitude of -4. 




As for the brightest stars in our skies... with an apparent 
magnitude of 0.3, Vega is the fifth brightest 
star, found in the northern, non-oiroumpolar 
constellation of Lyra, which is prominent 
in the late summer and early autumn. ^ v 
Vega is a young blue star, about 26 light years 
away, which is orbited by its own solar system. 



The red giant Arcturus 
is the fourth brightest 
star in the heavens, & 

with an apparent mag- j 



Bootes 





nitude of -0.06. 

A rot urns is found in the northern, non-oir- 
cumpolar constellation of Bootes, which is 
ARCTUftVS prominent in late spring and early summer 



Alpha Centauri is the third bright- 
est star, with an apparent magni- 
tude of -0.1, located in the constel- 
lation of Centaurus. Alpha Centauri 
is actually a triple star: Alpha 
Centauri A, Alpha Centauri 3, and 
Proxima Centauri C. The three 
star's orbit each other and, in fact, 
over half of the stars that we see 
from the Earth are double, or mul- 
tiple, stars of this type. To the 
naked eye, they appear as one, but 
with a good telescope they can 
often be distinguished, 









Canopus is the second brightest star, a blue star with an apoa-er 
magnitude of -0.7, located in the constellation of Carina. 



Centaurus and Carina are both to be fo 
circumpolar constellations. 



among the 



And the very brightest star as seen from the 
Earth is the double star of Sirius, with an 
apparent magnitude of about -1.5. Sirius is a 
blue star orbited by a white dwarf. It is 
also known as the Pog Star, appearing, 
as it- does, in the constellation of / 

Can is Major (Latin for ‘Great Dog’), / 
which is prominent in the winter Q 

months, just south of the / 

celestial equator, Six months / 
later, in the hottest days of / CA 
the northern summer, / 

Sirius and the Sun rise Q 

together, and this is / * 

where we get the / 

expression, ‘the / | HBp 

dog days of yA. VHK qA* 

summer’! / \ 



SiRtuS 



CAHiS MA»R 






S¥#*& €Ly$¥S&§ 

v? t#j < i x> >> 

<>*► j > jjft \yt a* ,f'» ;% 




When two stars orbit each other, like the double star system of 
Sirius, they are also referred to as binary star systems, while 
stars systems such as Alpha Centauri are called triple star sys- 
tems. 



Star systems can contain practically any number of stars, and 
the very largest systems, called star clusters, can contain hun- 
dreds and even millions of stars bound together by gravity. 




In the Southern Hemisphere, the 
globular cluster of Omega 
Centauri can be found in the 
south circumpolar constellation 
of Centaurus. Omega Centauri 
contains several million stars, 
and is the largest and brightest 
globular cluster in the galaxy. 




There are two main types of 
star clusters. Globular clus- 
ters are immense collections 
of stars that are spherical in 
shape. One great example of a 
globular cluster is the Great 
Globular Cluster (also called 
M13), which contains over a 
half a million stars and can be 
seen in the northern, non-cir- 
cumpolar constellation of 
Hercules during the summer 
months. 





Open dusters are usually smaller dusters with irregular shapes. 
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The Hei ades can be found in the zodiacal constellation of 
Taurus, which is prominent En the winter months. 




The sky also contains several different types of nebulae, 







A nebula that forms as 
the result of an exploding 
star is called a planetary 
nebula, A good example 
of this type of nebula is 
the Ring Nebula in the 
n o rt h e r n , non-circumpol a r 
constellation of Lyra. 



Emission nebulae are 

collections of gas and 
dust that emit light by 
reacting to the radia- 
tion from nearby stars. 
Such nebulae are very 
often the birthplaces of 
new stars. The Great 
Nebula (also called M42) is 
an emission nebula in the 
constellation of Orion, 
which lies on the celestial 
equator and is prominent 
in the winter months. 
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Among the stars of the Pleiades 
are also a number of reflective 
nebulae, which reflect the light from 
nearby stars. E3y contrast, dark nebulae 
are collections of gas and dust that block 
or diminish the light from nearby stars, 
such as the Horsehead Nebula in Orion. 






The Pleiades and Orion 



According to Greek and Roman myth, the 
seven sisters of the Pleiades were pur- 
sued by the hunter, Orion, for seven inter- 
minable years until the gods finally 
answered their prayers for deliverance, 
transforming them into doves and 
placing them in the heavens. Put as fate 
would have it, upon his death, Orion, 
too, was placed in the heavens, 
so that even today he 
continues to pursue the 
across the night sky! 
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0(5 ■ sdl or system is? horns not only^to the nine planets, their 
rr\ppn$, the; & s tern id belt, and the I'suiper belt, but also to a 
larg.:; ■■ uffijper of comets (Latin for 'hairy star') - frozen bod j 
iss of q ae and dust that periodically zoom in, whirl around 
the Sun, and zopirj-putl 



At its 
'cord( a 
comet is 
.composed 

of an icy, rocky head, or nucleus, 
approaches th^ Sufi, however, Solar 
radiation begins to mett and vaporize 1 
the comet, forming a cloudy halo, or 
coma, around the nucleus. Solar 'winds 
blowing at the comet also create the 
comet’s tail, wHch can sometimes 
reach millions of mlle^ in length! 




A comet’s orbit is highly elliptical. Short-term 
comets orbit the Sun within short periods - 
around 2 00 years or less - while long-term comets 
can take thousands of years or even longer to 
return to the Sun. 



CcupTic 
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! Halley’s Comet, for 
! example, is a short - 
! term comet, returning 
j to the Sun every 76 
1 years, 

i 

l 

l 

l 

l 

l 

l 



while Comet Hale-Sopp, which graced our skies in 1996 
and 1997, was an example of a long-term comet, visiting 
the Sun only once about every 4,000 years. 
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As comets whirl around 



Many short-term comets are 
believed to originate in the 
^uiper belt, perhaps caused 
by collisions between large 
Ruiper objects, knocking 
some of them off of their 
regular orbits and into the 
direction of the Sun, The Ori 
gin of long-term comets is 
not known for certain, but 
one possibility is the exis- 
tence of an immense cloud of 
cometary material, called 
the Oort Cloud, surrounding 
the solar system at a. dis- 
tance of perhaps 30,000 
ALf from the Sun. 



the 5un, they leave a trail 
of debris in their wake, 
known as meteoroids. 

5ome of these streams 
of meteoroids develop 
orbits around the 5un 
that intersect with our 
own, and so at certain 
points throughout the 
year we run right into 
them. 

When a meteoroid enters 
the Earth's atmosphere, 
it becomes a meteor, or 
a 'shooting star, burning 
up from friction as it 
falls from the sky. 




If it manages to reach the Earth’s 
surface, it is designated a meteorite. 





While shooting stars can occasionally be seen on just about 
any clear, dark night of the year, the best times to see them 
are during one of the year’s major meteor showers. 












For around five days surrounding 
August 12^, the Earth runs 
right into the Perseids, so 
named because they can be seen 
coming from the northern, non- 
circumpolar constellation of 
Perseus. The Perseids were last 
left behind in the wake of Comet 
Swift-Tuttle, whose most recent 
perihelion (closest) passage to 
the Sun occurred in the summer 
of 1992. 



Around the night of January 
3 r ^, the Earth runs right into 
the Quadrantids, a meteor 
shower so named because it 
was once associated with an 
archaic constellation known as 
Quadrans Muralis. These days, 
the Quadrantids can best be 
seen coming from an area in 
the northern, non-circum- 
polar sky where the con- 
stellations of Hercules, 
Bootes, and Draco come 
together. 
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Around October 21 5 ^, our orbit brings u 
into contact with the Orionids, a mete- 
or shower so named because it can 
be seen coming from the constella- 
tion of Orion, which lies on the celes- 
tial equator. The Orionid meteoroid stream 
was last left behind in the wake of Halleys Comet, 
whose most recent perihelion passage occurred in 
February of 19S>6. 



Around November 
17^, our orbit around 

\ the Sun brings us into contact with the 
Leonids, a meteor shower which 
ueoN’n>S can be coming from the 

zodiacal constellation of Leo, The 
Leonid meteoroid stream was last left, 
behind in the wake of Comet Temple-Tuttle, whose most recent perihelion 
passage occurred in February of 1998', (And because of 1998>s passage, 

1999’s Leonid meteor shower was a veritable meteor . 

you jEt 

st orm - showering the skies at certain locations 7^^ 
with thousands of shooting stars!) 

For around three days surrounding 
December 1 our orbit around the 
Sun brings us into contact with the 
Geminids, a meteor shower so named 
because it can be seen coming from the 
zodiacal constellation of Gemini. The 
Geminid meteoroid stream may not actually be 
related to any comet, but rather may be the 
debris from an asteroid called Phaeton, whose 
eccentric orbit coincides perfectly with the 
Geminids. 




The debris that enters our atmosphere to become a meteor is usually quite 
small - often just the size of a grain of dust! On rare occasions, however, a 
meteor can be so large that it can become a fireball, burning brilliantly as it falls 
from the sky. Sometimes a fireball can be so bright that it can actually be seen 
in the daytime sky. 






Comets as prophets 



As with solar and lunar ellipses, many cultures 
throughout the ages have widely regarded comets 
andl meteors as evil omens, often thought to fore- 
shadow such calamities as pestilence, war, or the 
death pf a king. 

According to one famous story, when Halleys 
Comet appeared in 1456, in the middle of the 
Crusades, the pope at the time, Callixtus III. went 
so far as to have It excommunicated! 



A few exceptions to this glooriiy outlook have 
existed, however. For example, the JKung people of 
Namibia took the highly unusual position that 
comets were omens of good things to eome. 



similarly, a 
^ory is told 
1 J A that when a 
Jj/Tjy comet 

appeared shortly 
after the death of Julius 
Caesar, the new Koman 
emperor. Augustus, 
declared rt as a sign that 
Caesar had Joined the 
gods in heaven and went 
ort to have the comet ven- 
erated in a Koman temple 
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All of the stars 
in the night sky 
that are visible 
to the naked 
eye belong to 
our own galaxy, 
the Milky Way, 
although other 
distant galax- 
ies are also vis- 
ible. The 
Magellanic 
Clouds, for 
example, are 
smaller galax- 





ies orbiting the 

Milky Way, which can be seen in the southern circumpolar sky. 




The Andromeda Galaxy 

(also called M31) is the 
most distant object in the 
night sky that can be seen 




Galaxies can 
come in all 
shapes and 
sizes. 
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Elliptical galaxies are 

spherical in shape, with 
bright centers, and are 
composed primarily of 
older stars. 

Spiral galaxies have a flat- 
tened, disk-like shape when 
viewed from the side, but 
show circular, spiral pat- 
terns when viewed from 
above. Spiral galaxies con- 
tain both old and new " 
stars, as well as molecular 
clouds and nebulae. 

Some spiral galaxies, 
called barred spirals, dis- 
play streams of gaseous 
material, shooting out 
from their centers, and 
often connecting with their 
spiral arms. 

Other galaxies that are 
flattened and disk-shaped, 
but lacking in spiral pat- 
terns, are called irregular 
galaxies and are primarily 
composed of young stars 
and nebulae. 




The Milky Way and the Andromeda Galaxy are both spiral, 
disk -shaped galaxies, containing hundreds of bi I lions of stars 
rotating around a common center: 




The center of the Milky Way Galaxy* around 
which we rotate about every 250 million years, 
^lies about 20,000 light years away. It cm 
I- be seen as a hazy band of fight on dear* 

Hh moonless nights, centered in the zodi- 
aoa\ constellation of Sagittarius* 
fe* which is prominent in the late 
1 summer* 









We have already 
seen how our orbit 
around the Sun 
defines the 
Earth’s seasons 
and the length of 
our year, but dif- 
ferent astronomi- 
cal cycles are also 
responsible for 
just about every 
other way we mark 
time as well. 
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The lunar month is the period of time between 
successive new moons - roughly 23-5 days. 
frecause of the visibility and reliability of the 
Moon and its phases, for thousands of years, 
human cultures divided the year into units of 
lunar months. 



(In fact, the words 
moon and month 
both derive from the 
same Indo- 
^ European word, 
W whose linguistic 
E origin is so 
■ ancient that it 
pre-dates written 
language.) 



THE ONLY PROBLEM WAS THAT 
II UiNA R MONTHS OF 29.5 DAYS 
WERE ABOUT it HAYS TOO SHORT 
FOR ONE 365-DAY SOLAR YEAR, 






The ancient Babylonians were the first to develop a lunisolar cal- 
endar, that is, a calendar based primarily on lunar months, but 



with intercalary months, or 

-X&'t 



youths’, 

added every so often to 



accommodate the solar year. 



The ancient Egyptians tried to 




the lunar month from 29.53 days to 30 days. Twelve 30-day 
months yielded a 5360-day year, to which they added 3 religious 
days of celebration. This was fine until they realized the need for 
another extra leap day every four years - an idea so radical that 
it wouldn't be adopted for nearly two hundred years after it was 
first proposed by the king of Egypt, Ptolemy III, in the third 
century PC. 

Eventually, the Romans adopted from the Egyptians the notion of 
the solar year, but they solved the lunar/solar problem by cutting 
the Gordlon knot! They simply rearranged the lengths of the 
months, essentially replacing the lunar month with a civil month, 
a tradition our modern calendar has inherited. 



Today, the traditional Jewish and Chinese cal- 
endars stiii retain the lunisolar system, while 
the Islamic calendar is solely lunar, adhering 
strictly to lunar months. The solar year is 
of no account and, because of this, the 
Islamic months arrive at different s// 

times and in different seasons of the J 
solar year. 



/ THIS IS THE HOTTEST 
I DECEMBER WE'VE HAD 1 
V IN A WHILE! / 









FIRST 

QUARTER 



FULL 

MOON 



LAST 

QUARTER 






Compared to other measurements, the 
length of the week seems pretty arbi- 
trary. At one point in time, the ancient 
Assyrians had a six-day week, the 
Romans had an eight-day week, and 
the Greeks and the Egyptians had a 
ten-day week. Some historians trace 
the origin of the seven-day week to the 
Babylonians. Others believe that it orig- 
inated with the Hebrews, stemming 
from the seven biblical days of creation. 
It is also quite probable that the 
Hebrews adopted the seven-day week 
from the Babylonians during the time 
of their captivity. In any event, regard- 
less of its exact origin, its use eventu- 
ally spread throughout the ancient 
world. 

The seven-day week may have found its 
resonance with the four major phases 
of the lunar month: the first week 
beginning with the new moon, the sec- 
ond with the first quarter phase, the 
third with the full moon, and the fourth 
with the' last quarter. 

However, many ancient cultures also 
believed that the days and the hours 
were ruled by the Sun, the Moon, and 
the five known planets, which were syn- 
onymous with the gods themselves. 
Accordingly, the Greeks named the 
seven days of the week after the Sun, 
the Moon, and the planets. The 
Romans and the Norse followed suit, 
but changed the names according to 
their own language and mythology, all 
of which is still reflected in the 
names we use today. 
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O The Greeks named the first day of the week 
‘the day of the Sun’, hemera hello. The 
Romans translated this directly into Latin 
as dies Solis. The Anglo-Saxons, in turn, 
called it Sunnandaeg, from which modern 
English derives the word, Sunday. 



The Greeks named the s econd day of the week 
‘the day of the Moon’, hemera Selene s. The 
Romans directly translated this as dies Lunae, and 
the Anglo-Saxons as Monandaeq, from which we 
derive the word , Monday. 





[he Greeks named the third day of the week terrors/ 
A mo s, 'the d a v of A re s ' , a f t e r t h e t" f re e k g o d of wo r. 
Hi S 3 mythologies I and planetary counterpart in the 
R cman pa nth .00 n wo 0 Ivl a ra, a n d 0 o t h e R o m a n c a ! ! a a 
1 ; h i a d a y A h e d a y of Ivl a r s \ d i e s Ms r t s . IT: e N 0 r s e 
vers i 0 n of Mors wa a ■ t h e g o d 1 y r ? w h i 0 I- 1 e vo i ve d \ n 1 0 
the Anglo-Saxon as f i vvr and from the Any io-- baxo n 
77 wad a eg we derive the word , Tuesday. 



T he Greeks named the fourth day of the week 
homo r a rioru, 'the day of Hermes’, after the 
O re e k g 0 d of t ra ve I , com m e re e , t f 1 i e ve ry, a n d 
cunning. His counterpart in the Roman pan- 
theon was Mercury, and so the Romans 
0 a fed t h i s d a y A h e d a y of M e rc u ry ' ' , d ic s 
Morcuhi. The Norse counterpart was Woden, 
a rid f r o rn the A n g I o- - b a xo n Wode n ad a eg we 
derive the word, Wednesday. 




fAenc uhT 





The O re e - ' a n a rn e d tT i e f 1 1 h d a y of t n e we t t ii e ' ? ■ e ■ : 
Dio s, She d a y o f Ze i j s ' , a f t e r 1., heir s l j p re m e g od ■ : ■ r 
t h u n d e r a ii d t h e h e a ve ns. Mi s R o m a n o g u n r e r p a r : 
wa & J i j p i T e r, a n d s o t h e R o m a n s c a 1 1 ed 1 - 1 I s c \ ay ‘ : i ' ■ ■ ■ 
day of J unite r\ dice Jaw's. The No roe counteract 
was Thor, arid from the AngloAiAxon Jicwsdaey we 
d e rive t he wo rd , T h u r s d a y . 

jo pi^e ft 



1 he Greeks named the sixth day of 'the week 
hernera Aphrodite??, ‘the day o f Aphrodite’, 
alter the Greek goddess of love, Her Roman 
counterpart was Men my and so the Romans 
called this day ‘the day of Venn s\ dies 
Venn a a. The Norse counterpart was Frey a, 
which evolved into the Anglo-Saxon as Frigg, 
and from the Anglo-Saxon Friaeadaep we 
derive the word , Friday, 

veNos 



Finally, 1, n e G re e k s n a rn ed t h e s e ve nth d a y o f t w - 
we e k i i e r > e ra K h ro n u, ‘the d a y of : C r o n o s * , a ft e r t - ’ r 
T I ■ t a ri , C r o n o s , t hi e fa t n e r o f Z e u s . His R o m a n c o un- 
to r pa rt wa s Sat u r n , a n d so cl: e Ro rn a n s c a 1 1 ed r n ' a 
d ay ‘ t h e d ay o f S a 1 1 j r n \ d ie a aa 1, i .j rn i. ' i ’ Ii e N o roe 
chose not to reformulate this day, and so. ire 
t h e A rig! o - Sa xo n Sa etrda eg we d e r i ve tu e wo i a . 
Satu rday. 

SATukN 
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It may come as a surprise that there is actually more than one 
way to define the day. The sidereal day is the time that it takes 
for the Earth to complete one rotation with respect to the stars 
- roughly 2'3 hours and 56 minutes. The sidereal day is difPerent 
from the solar day, which is the time that it takes for the Earth 
to complete one rotation with respect to the Sun. On average, 
the solar day is 24 hours long - one sidereal day, plus a little 
extra time for the Earth to move along in its orbit, in order for 
the same meridian to ‘catch up’ with its position to the Sun. 

However, because of two factors -■ the tilt of the Earth’s axis of 
rotation and our elliptical orbit around the Sun - our exact period 
of rotation with respect to the Sun is not actually consistent 
throughout the year. 




Lets imagine an alternative solar system, in which the Earth’s axis t 
rotation is directly perpendicular to a perfectly circular orbit around 
the 5un. If this were the case, then the solar day would always be 2* 
hours long, the day and the night would always be of equal length, at 
the path of the Sun would consistently follow the path of the celest 
equator, Furthermore, the Sun would always cross the same celesth 
meridian at noon, and sunrise and sunset would occur at the same 
time each day, 

a LT e ft a/A'T ive SDLAft sreM • 




Re**- Sot-Aft s^stcm: 




In the real solar sys- 
tem, however, the tilt 

of the Earth s axis of 
rotation causes the Sun s apparent path across the sky to change 
throughout the year. In the Northern Hemisphere, the path of the Si 
is at its highest and northernmost point at the summer solstice, a* 
at its lowest and southernmost point at the winter solstice. In the 
Southern Hemisphere, just the reverse is true. As a result, from any 
given point on the Earth, as the length of the Sun's path changes 
throughout the year, the Sun requires varying amounts of time to 
cross the sky. 
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Furthermore, as Keplers second law informed us, the elliptical 
path of our orbit changes our distance from the Sun, which also 
changes our speed, in the winter, when perihelion brings us closer 
to the Sun, the Earth actually moves a little faster along in its 
orbit, and in the summer, when aphelion takes us farther from the 
Sun, the Earth moves a little more slowly along in its orbit. 



eARTH'J ORBIT: 




As a result of the combined two effects, the solar days are 

regularly 

Ir^ecj a l[aT. 

Throughout the year, the length of the solar day fluctuates 
between as much as 16 minutes ahead of 24 hours, to 14 minutes 
behind 24 hours! Over the course of the year, these variations 
cancel each other out, so that the average length of the solar 
day is about 24 hours. This is the time we use as the daily world 
standard, and is called the mean solar day. 



/ JUST ANOTHER \ 
( 'AVERAGED' ) 
\ DAY! 




The primary world standard for measuring the mean solar day is 
called Universal Time (UT), or Greenwich Mean Time (GMT) - 

after the Royal Greenwich Observatory, in Greenwich, England, 
which lies on the prime meridian at zero degrees longitude. 

The Greenwich meridian was adopted as the prime meridian in 
1664, at the international Meridian Conference, which was called 
to create a single standard of international time zones, for the 
purposes of navigation, commerce, and astronomical measure- 
ments. As a result, when the fictitious mean Sun crosses the 
prime meridian, it is 12:00 noon UT. 

The Earth’s 360 degrees of longitude are essentially divided into 
24 time zones, and local standard time is determined from 
Universal Time by adding an hour for each time zone to the east 
of the prime meridian, or subtracting an hour for each time zone 
to the west. 




The difference between the true solar day and the mean solar 
day is referred to as the Equation of Time. When the true Sun 
reaches the prime meridian ten minutes before 12:00 noon LH, 
the Equation of Time is +10. When the Sun reaches the 




24 hours long. At 12:00 noon UT, the Sun is directly above the 
prime meridian, and at 12:00 noon, local standard time, the Sun 
will be directly above the standard meridian of the local time zone. 





THE ANALEMMA 



Because of the difference between 
true solar time and mean solar 
time, a sundial will tell time differ- 
ently than a clock. If you were to 
mark the shadow of a sundial at 
the same time each day, over the 
course of the year, you would trace 
out an elongated figure-eight pat- 
tern known as the Analemma. 
Similarly, time-lapse photography 
taken of the Sun at the same time 
each day, over the course of the 
year, will also show the ^ 

same figure. 
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It was once common 
for the Analemma 
to be depicted on 
globes, to represent 
the Sun's path 
between the tropics, 
as well as the 
Equation of Time. 



* 



The height of the Ana lemma 
represents the variations of 
the Sun's height. In latitudes 
north of the tropic of Cancer 
and south of the tropic of 
Capricorn, the Sun will newer 
be directly above the observ- 
On for an observer north of 
the tropics, the Sun will 
always cross the meridian on 
the south side of the sty, 
and for an observer south of 
the tropics, the Sun will 
always cross the meridian on 
the north side of the sty. In 
latitudes between the trop- 
ics the Sun will be directly 
overhead two times a year. 

The width of the Analemma 
represents the Equation of 
Time, and the vertical line 
represents mean solar noon, 
Where the line and the 
Analemma meet, the 
Equation of Tims is aero: 
according to our clocks it is 
12:00 noon UT when the Sun 
crosses the prime meridian. 
Conversely, where the 
Analemma diverges from the 
line, the Sun is ahead of, or 
behind, the prime meridian at 
12:00 noon Ul". 






There were so many impossible questions, but one thing must 
have seemed certain above all: The ground upon which we 
stood was the unmoving center around which the Heavens 
revolved. This, at least, was an obvious fact that anyone with 
any sense could see with his own eyes! 





In time, the patterns of the heavens ant t the cycles of the year 
came to be better understood- As early humans moved from 
hunting and gathering to an agricultural way of life, astronomical 
cycles became associated with the agricultural cycles of plowing* 
Sowing, and harvesting the crops. This can be seen in the words of 
the Greek poet* Hesiod, in his poem. The Works and Pays, written 
in the nin th century |?C, in which he advises his brotherto collect 
the harvest in the fall, and to plow again in the spring; 



D 




When the Pleiades, daughters of . 
Atlas, 

are rising, begin your harvest, 

and your ploughing 

when they are going to set. 



[Translator: Hugh G. Evelyn -White (died 1924), FVojec-t 
Outtenberg. www.pfoino.net/pg/] 




An understanding of the night sky also cams to be used in 
celestial navigation upon the seas. The circumpolar stars could 
be used to determine the cardinal points of north* south, east* 
and west- And as long as seafarers knew the time of the year, 
and corresponded the positions of the no rncircum polar stars to 
their maps of the Earth, they could then determine their genera' 
locations as well. This can be seen in The Odyssey* in which the 
Greek poet, Homer, sings to us of Odysseus at sea. 



He never closed his eyes, 

but kept them fixed on the Pleiads, 

on late-setting Bootes, and on the Pear 

- which men also call the wain, 

and which turns round and round where it is, 

facing Orion, 

and alone never dipping into the stream of 
Oceanus, .* ...* 



[Translator; Sam del* Butler ( J \&5&te02) r Project (juttenlwrg 
ivww.pnomo.net/pg/] ? 





Understanding astronomy thus 
became a very practical pursuit - 
but it had a much more mystical 
side as well After all, if the Sun 
controlled the seasons, and if the 
Moon controlled the tides, then why 
couldn't the constellations be inter- 
preted as controlling the crops? 



It could also follow that the zodia- 
cal constellations, and the planets 
- which cou\d also be seen as gods 
could exert their influence, too, upo 
the shape and destiny of nations 
and individuals 



As a result of this type of thinking, 
for thousands of years, the science 
of astronomy and the superstition 
of astrology marched hand in hand. 






Various peoples throughout the 
ancient- world came to develop their 
own systems of mapping the heavens 
into constellations, using the astro- 
nomical cycles to measure the days, 
weeks, months, seasons, and years - 
as well as attempting to predict 
their future with astrology. 

But it was the Sumerian and 
Babylonian civilizations of ancient 
Mesopotamia {between 4000 and 
450 BC) who were the first and most 
influential progenitors of astronomy 
and astrology. Carefully observing the 
positions of the Sun and the Moon, 
the Mesopotamians were the first to 
reconcile the lunar month with the 
solar year, and the first to develop 
the original signs of the zodiac that 
are still with us today. 



It is also from these 
civilizations that we 
have inherited the sexa- 
gesimal mathematical 
system, which uses the 
number 60 as a base, 
as opposed to the 
Standard decimal sys- 
tem. whioh uses the 
number 10 as a base. 
The sexagesimal system 
divides the circle into 
360 degrees, the hour 
into 60 minutes, and 
the minute into 60 sec- 
onds. It is thus used 
today in mapping the 
globe and the celestial 
sphere, as well as in 
measuring time itself. 




he sixth century bC, the torch or 
esopotamian astronomy had been passed 
onto Greece. The Greek philosopher, 
Pythagoras (circa 330 - c.300 5 C), and hie 
followers, the Pythagoreans, believed that 
within the language of mathematics could b 
found the ultimate anawere to the mysterie 
of the universe. In fact, Pythagoras invented 
he word, cosmos, which he used to refer to 
? underlying, harmonious order of the universe 



followers believed that the forms of the circ 
resented geometrical and mystical perfects; 
ther shapes, all outside points were equally 
5nter. Decause they believed that the cosmos 
itself was perfect and orderly, they 
also believed that the bun, 
vTURrvT" the Moon, and the five 

known p^nets were a 
perfect spheres. 
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his view was 
later upheld b\ 
the philoso- 
pher, Aristotl 

(334 - 322 
DC), and the 
astronomer. 
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Remarkably ahead of his time, Aristarchus of Samos (c.310 - 
c.250 13 C) disagreed with this geocentric, or Earth-centered 
model of the universe. 3y observing the Earth's shadow on the 
Moon during a lunar eclipse, Aristarchus is said to have deter- 
mined that the Earth was a planet, which rotated on its axis 
once every 24 hours, and orbited the Sun with the rest of the 
planets. 




Aristarchus also determined that the Sun was much larger 
than the planets, was very far away, and that the rest of the 
stars were also suns and were even more distant. 

Unfortunately, his ideas were rejected at the time, and they 
wouldn’t be revived for nearly 1,300 years. 








And so the geocentric model prevailed. But in addition to being 
incorrect, this model was also flawed in that it failed to account 
for the observed motions of the planets, While the stars in our 
sky rotate at a steady and predictable pace, from our point of 
view on Earth, the planets are wanderers. Generally, from night to 
night, the planets are seen to travel in the same direction - from 
west to east against the background of the stars. But every now 
and then, they retrogress, that is, they move backwards. This is 
referred to as retrograde motion. We now know that this is 
caused by the fact that all of the planets orbit the Sun at differ- 
ent speeds. 



ln a sense, the solar system is like a giant racetrack, and when 
the Earth overtakes another planet, that planets observed 
motion will be seen to temporarily change. But if the planets 
orbited an immobile Earth upon perfect spheres, what then could 




In the second century AD, in the Egyptian city of Al^feSrfa. 
the astronomer, Ptolemy* tame up with an answer. Injiis 
great work entitled The Amaigest (Latin for 'Great Work*), 
Ptolemy kept most of the details from the old geocentric 
model: the Earthy was the center of the universe^trrc-^nded 
first by the Moon, then Mercury* Venus, the ^■P^rs, 

Jupiter, datum, and finally, the sphere of .fix^stars. But #j 
rather than having the heavenly bodies simply orbit the Ea^th 
on perfect spheres, he added smaller spheres onto tKfdfrger 
spheres, which he called epicycles. The center of each epicycle 
was called Its deferent. As the planets orbited the Earth, v jjF 

■j 

i 

i 






the Earth at the center of the universe, a no 
so it eventually came to be adopted by the 
Church dbring the Middle Ages. As a result, it 
remained essentially unchallenged forabojjt 
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This would be 
changed, however, by the 
Polish astronomer and 
cleric, Nicolaus Copernicus 

(1473 - 1543), who finally 
brought the heliocentric model 
back to life, in 1543, with the publication 
of his masterpiece. The Revolution of the 
Heavenly Orbs. Copernicus believed that 
the motions of the heavenly bodies could 
be explained much more simply if the 
planets orbited the Sun, and if the Earth 
rotated on its axis. This would also imply 
that the stars were very far away, and 
that the universe was much bigger than 
had previously been supposed. Copernicus 
still erroneously believed that the Sun 
was the center of the universe, and that 
the planets essentially revolved around 
the Sun in perfectly circular orbits. Put in 
spite of these minor flaws, his contribu- 
tion was a giant leap forward. 







View ideas, it encountered a 
lot of opposition. The Italian 
astronomer and physicist, 



Galileo Galilei (1564 - 1642), 
however, was one of the few 
admirers of the Copernican aye- 
tern. Shortly after the telescope 
was invented in 1609, Galileo 
immediately started improving 
upon it, and he quickly used the 
new device to 




observe the heavens, 
making unprecedented 
discoveries. 




Galileo soon discovered 
the rings of Saturn, as 
well as the four largest 
moons of Jupiter, which 
were found to orbit 
Jupiter - not the Earth! 
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Furthermore, his tele- 
scopes also allowed 
him to be the first per- 
son to see multitudes 
of stars in the sky, 
beyond those just visi- 
ble to the naked eye. 



£ ,J 



He also studied the 



Moon itself and discov- 
ered that it was not, in 
fact, a perfect heavenly 
sphere, but seemed to be 
covered in craters, moun- 
tains, and valleys. 



He was also able to 
observe that the planet 
Venus went through 
phases like the Moon, 
indicating that its orbit 
was centered around the 
Sun and not the Earth. 



Ail of Galileo’s observations seemed to discredit the standing 
Ptolemaic system, and to support the Copernican system, 
and he was quick to publish many of his new' discoveries in his 
book, The Starry Messenger, in 1610. A 
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But in spite of so much evidence against it, the Ptolemaic sys- 
tem was still sanctioned by the Church. As a result, Galileo’s 
enthusiasm soon brought him into trouble, and in 1616 he was 
expressly forbidden by Church authorities ‘to hold or to defend’ 
the heliocentric model. Thinking that he was still free to consider 
the notion - without specifically holding it or defending it - years 
later, in 1632, he published a new work, which had even been 
approved by the Church censors, entitled Dialogue on the Great 
World Systems, in which characters debated and discussed the 
Ptolemaic and Copernican systems. 

The next year, at the age of 70, Galileo was brought before the 
Holy Office of the Inquisition. After a sham trial, he was threat- 
ened with torture and was forced to recant his work - to literally 
get down on his knees to formally renounce the condemned doc- 
trine that the Earth revolves around the 5un, and to furthermore 
swear that he would turn in to the inquisition any heretic who 
professed to believe in it. He probably remembered the fate of 
Giordano Bru no (1546 - 1600) - the Italian philosopher who, in 
1600, was burned at the stake by the Inquisition for his belief 
that the universe was infinite and divine. Tragically, Galileo had no 
choice but to recant , and he was then forced to spend the rest of 
his life under house arrest. 





Farther away 
from Rome, Galileos 
contemporary, the 
German astronomer. 




y Johannes Kepler (1571 - 
1650), fared much better in his 



support of the Copernican system. Kepler 
worked as an assistant to the Danish 



astronomer, Tycho 13rahe (1546 - 1601), 
at his pre-telescopic observatory in 
Prague, Czechoslovakia. 13y studying 
Srahe’s precise planetary observations, 
Kepler was able to formulate his universa 
laws of planetary motion, which stated 
that the planets orbited the 
Sun in elliptical paths, and 
that their distance 
from the Sun 
determined the 
speed of 
their orbits. 




One of the lingering problems with the Copernican system had 
been that it maintained that the planets orbited the Sun in per- 
fectly circular orbits. In order to fit this belief with the observa- 
tions, Copernicus himself had been compelled to employ the 
extraneous notion of epicycles - which had been one of the prob- 
lems of the Ptolemaic system that he had originally tried to 
solve. 



Py discovering that planets actually have elliptical orbits and 
varying speeds, Kepler was finally able to do away with epicycles 
altogether, thus supporting the Copemican 
system - and solving its greatest prob- 
lem at the same timel 

One thing that continued to puzzle 
Kepler, however, was the question of 
why the planets orbited the Sun 
at all. Py now, the notion of the 
heavenly, crystal-clear spheres 
seemed rather obsolete, to say 
the least. So what then held 
the universe together? 

Kepler had a theory 
that- the Sun perhaps exerted 
some sort of magnetic force 
upon the planets to keep them 
in their orbits. This would explain why 
they moved faster when they were 
closer to the Sun, and slower when 
they were farther away from the Sun 




Kepler also held the belief that the Moon exerted some sort of 
force as well, which could be seen to affect the ocean's tides. 





Inspired by Keplers work, the English p 
Newton (1642 - 1727), took his ideas ^ 
ran with them, Newton determined 
that there was a force holding the 
universe together, but it wasn’t 
magnetism - it was gravitation, j 

the same force that makes an | 
apple fall from a tree! V 

Newton’s Law of Universal M 

Gravitation stated that all f 

objects exert a force of M 

attraction upon all other 
objects, with two conditions: J J 

first, the larger the object, g 

the greater the force of its 1 \ 
attraction; 5econd, the J 

more distant the object, I * 

the weaker the force of its 
attraction. ^ 



lysioist, Sir Isaac 
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And just as the gravitational pull of the Earth, acting on the 
Moon’s inertia, keeps the Moon in its elliptical orbit, so does the 
gravitational pull of the Sun, acting on the inertia of the plan- 
ets, keep the planets in their elliptical orbits. Furthermore, 
because the force of an object’s gravitational pull depends on 
its distance, planets closer to the Sun have faster orbits, and 
planets farther away from the Sun have slower orbits. 

By providing an 
explanation for how 
and why the solar 
system works the 
way it does, Newton’s 
work finally sealed 
the deal for the helio- 
centric system. 
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Aj\^ verse would reign suprer 

/ yx 200 years. But in 191?: 
/ 7 AJL\ born physicist, Alberl 

/yj Jf?\ (1579 - 1955), unlea; 

j ^ i0" VL | eral theory of relati* 

[ I world, in which he to< 

^ ^ L different approach t 

^ y Einstein considered ti 

\ pt> [t rfv fourth dimension, whicl 
\ \ X ,/ cably bound to three-din 

\ space. Furthermore, the sf 
space-time continuum was nc 
was curved by the mass and energy it contained - e 
the effect of a bowling ball upon the surface of a mi 
larger object, like the Sun, would naturally cause a c 
ture of space-time than a smaller object, like 
the Moon. According to Einstein, gravity 
wasn’t a force in the traditional sense, 
but could be thought of as an effect . 
caused by curvatures in the 
space-time continuum. For -4 

example, in this model, the Earth 
doesn’t orbit the Sun because of 
a force of gravity emanating \ 

from the Sun. Rather, because the 
Sun has curved the space-time 
around it, the Earth moves in \ s 

a straight line - but through X \v^ 

a curved space that ere- f ^ 







In most cases, the 
predictions of classi- 
cal physics according 
to Newton will be 
Identical to the pre- 
dictions of the theory 
of relativity according 
to Einstein - but not 
always. As one exam- 
ple, Einstein predict- 
ed that the light from 
distant stars travels 
in a straight line, but 
can also be bent by 
curvatures in space- 
time, such as the 
curvature caused by 
the Sun. Of course, 
normally one can’t 
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see the light from a 
star in the vicinity of 

the Sun’s brightness. However, in an experiment to test this 
theory, photographs were taken of the Sun during a total solar 
eclipse, in which nearby stars could be seen. These were then 





At the time, Einstein, like most 
people, continued to assume that 
the universe still operated with 
the same clockwork-like precision 
that Newton had envisioned, in 
other words, the universe was still 
considered to be a fairly mechani- 
cal place. One thing that Einstein 
had failed to predict, however, was 
a consequence of his theory that 
was later brought to his atten- 
tion. Namely, if the shape of the 
entire space-time continuum was 
curved, then the gravitational 
effects would have to imply that 
the universe was either contract- 
ing into a b/g crunch , or expanding 
away in all directions - but it 
couldn’t be standing still. Initially, 
Einstein was sure that this was a 
mistake, but, in fact, he was 
wrong! 



At just about the same time, during the mid-1920’6, the 
hmer\caY\ astronomer, Edwin Hubble (1<5>£>9 -■ 1953), was 
working at the Mt. Wilson Observatory in Pasadena, 
California. Completely unaware of Einstein’s general the- 
ory, Hubble hit upon the greatest discovery of 20"^ 
century science: the expansion of the universe. The 
details of this discovery once again changed the 
way we looked at the cosmos, indicating that 
the universe must have had a beginning at a 
singularity in space-time - what we now 
know of as the 




Hubble observed that the space between dusters 
was expanding, but that galaxies and galaxy dusts 
expanding in the same way. This is because galaxie 
dusters are held together by gravitation - which w 
be stronger than the force of universal expansion, 
thing, however, was that it appeared that all dista 
were expanding away from our own galaxy in every l 
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The astonishing answer - as it turns out - is that there is no 

center of the universe ! 

The initial singularity that gave birth to our universe contained ail 
matter, energy, time, and space, and nothing else existed outside 
of it. It would thus be incorrect to say that the universe originat- 
ed from a single point in space, because the universe contains all 
the space there Is - and always has! As a result, almost all parts 
of the universe are simultaneously expanding away from ail other 
parts of the universe. 

This somewhat difficult concept can be better understood if we 
compare the shape of the universe to the surface of a balloon. As 
a balloon is inflated, from any given point on the surface of the 
balloon, all other points will expand away in every direction. And 
just as every point on the balloon can be thought of as the cen- 
ter of the balloon, so can every point in the universe be thought 
of as the center of the universe! 





And 

in a sense, this dis- 
covery brings our expedition 
right back to where we started. 

For now there really isn’t any logical 
reason why we can’t go back to thinking 
of ourselves as the center of the 

universe: 



The only condition is that we just 
have to be willing to share this 
honor with the rest of the 



cosmos! 















* 







Like life itself, science is a 
journey, not a destination* 

As social anthropologist 6ir 
James George Frazer put it in 
The Golden Bough (1915): The 
advance of knowledge is an 
infinite progression towards a 
goal that forever recedes*” As 
such, our intellectual aim 
should never be to complete our 
understanding, but merely to 
continue to increase our under- 
standing* This brief portrait of 
our current stage of under- 
standing, as presented here, is 
but a snapshot in time. Our 
journey continues, and may we 
never stop exploring. 

[The Hiustra ted Golden Sough, A Study fn Magic 
find Religion, Ttie Softback Preview, UK, 199S-] 
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sironmy ht Bsgkwm b o friendly ontf occwsiile pide to our universe, our galaxy, our solar system 
a hd the plane 1 * we call home. Each year as we cruise though space ait 
ibis liny bluc-gnien wonder, a number of amazing and 
remutkobJe events, occur. For example, like clockwork, 
well run head an into asteroid and cemetery debris 
that spreads shooting dors across our skies. On 
a tension , we 11 gel lo waldi the dbk of i)ie M can 
passing the Sun, casting ils shadow upon the faro of 
ihe Earth, ond sometimes well gel to watch our own 
shadow as it glides across the lm of the Moon. 

The Sun's path will constantly change across the 
daytime sky, as will the stars and constellations at 
night. During this lime, well also gel lo wrkh the 
atheF majestic planets in our solnr system wander 
the skies, os they, too, circle ibe San in this elaborate celestial 
dance! 




Arfrtmmy hr Beginners will explain this elaborate celestial 
dance the patterns of ifro heavens, the equinoxes and the 
solstices, ihe major meteor shower^ and the solar and tanar 
edipses. In addition, Asnonmy far Begkms will also tab 
you on a guided tayr of the solar system and beyond. Well 
discover how the way we measure lime ibdf b intimately 
related to- celestial phenomena, and well furthermore explore 
our historical and continuing mission to understand our place 
in this marvelous universe in which we find ourselves, 

Oh yeah, one more thing; 4jf™omy hr Beginnm wifi not 
only help you become on expert in space and time • bul ft ata 
promises to be □ pretty fun ride! 



A For Beginners* 

DOCUMENTARY 
COMIC BOOK 




www« for beginners books, com 



SCIENCE / ASTRONOMY 



US $14.95/ $16.95 CAN 



[fffil ■mn-l-934 3P?-I5-|i 



5 1 .4 9 5 



'81514 



3 B 3 ? 5 ^ 



A 




